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[57] ABSTRACT

A silver halide color photographic light-sensitive mate-
rial comprising at least one hight-sensitive silver halide
emulsion layer on a support. The silver halide emulsion
layer contains tabular grains having an aspect ratio of 3
or more and 10 or more dislocation lines per grain, in an
amount of 30% or more of a total projected area of all
grains in the layer. At least 30 mole % of all couplers
contained in the emulsion layer 1s occupied by a DIR
coupler which releases a diffusing development inhibi-
tor or a precursor thereof upon reaction with an oxi-
dized form of a developing agent, or cleaves to form
another compound upon reaction with an oxidized form
of a developing agent, which cleaved compound in turn
reacts with another molecule of oxidized form of a
developing agent to release a development inhibitor.

14 Claims, No Drawings
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SILVER HALIDE COLOR PHOTOGRAPHIC
LIGHT-SENSITIVE MATERIAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a silver halide color
photographic light-sensitive material, and more specifi-
cally, such material having an improved color repro-
ducibility, high sensitivity, high contrast, improved
graininess, and improved sharpness.

2. Description of the Related Art

In the field of silver halide color photographic light-
sensifive materials, it 1s conventionally known to utilize
the interlayer inhibition effect so as to improve the
color reproducibility. In the case of color negative ma-
terials, color generation of a red-sensitive layer upon a
white exposure can be inhibited more than that upon a
red exposure by imparting a development inhibition
effect from a green-sensitive layer to a red-sensitive
layer. In the case of color negative papers, the gradation
is balanced such that gray is reproduced on a color print
when exposed by white light. Consequently, the above-
mentioned interlayer effect achieves, when subjected to
a red exposure, a cyan color having a density higher
than the case of gray exposure, and therefore it is possi-
ble to reproduce a red color of a higher saturation de-
gree, with inhibited cyan color generation. Similarly,
the development inhibition effect from the red-sensitive
layer to the green-sensitive layer reproduce a green
color having a high saturation degree.

There are several methods for enhancing an inter-

layer effect. One of them is a technique such as dis-
closed in JP-A-50-2537, wherein a so-called DIR com-
pound 1s added to an interlayer effect-imparting layer.
The DIR compound 1s a coupler which releases a devel-
opment inhibitor when reacting with an oxidized prod-
uct of a developing agent in a paraphenyienediamine-
based color developing solution. Another one is a tech-
nique which uses iodide ions released from silver ha-
lides during development. More specifically, in this
technique, the content of silver iodide of an interlayer
effect-imparting layer is increased, and that of a layer
which receives such an effect is decreased in advance.
Another well-known technique is an automatic masking
method in which use 1s made of a colored coupler.

In particular, regarding the method in which a DIR
compound 1s added to an interlayer effect-imparting
layer, it 1s known that the development inhibitor re-
leased from the DIR compound not only achieves the
interlayer effect, but also causes a horizontal Eberhard
effect so as to enhance the image sharpness since the
development inhibitor diffuses also in the direction per-
pendicular to a light beam made incident.

As disclosed in European Patent 101,621, or JP-A-59-
131934, the horizontal Eberhard effect is prominent
particularly in the case where the diffusibility of the
development inhibitor or a precursor thereof is high,
and the effect is advantageous for improvement of, not
only color reproducibility, but also sharpness.

With the above-described means, the color reproduc-
ibility and sharpness of the color photographic light-
sensitive material have been significantly improved;
however the amount of the DIR compound contained
in the interlayer effect-imparting layer must be inevita-
bly increased so as to enhance the interlayer effect,
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creating the drawback of significantly inhibiting devel-
opment of silver halide grains contained in that layer.

More specifically, the silver halide grains contained
in an interlayer effect-imparting layer containing a large
amount of the DIR compound entail significantly low
sensitivity and contrast due to the development inhibi-
tor released from the layer itself during development. If,
in order to compensate the lowered performances, the
size of the silver halide grains, or the number of the
silver halide grains in the interlayer effect-imparting
layer 1s increased, the graiminess is degraded, or the
sharpness of the under layer is deteriorated.

'Thus, despite the demand for further improvement of
the color reproducibility, the overall image quality is
still not satisfactory, due to the above-described draw-
backs. Consequently, there has been demand for means
to overcome these drawbacks.

Recently, there have been a progress and improve-
ment in graininess and sharpness achieved by silver
halide grains themselves. For example, JP-A-58-113926,
JP-A-58-113927, JP-A-58-113928, JP-A-58-113930, and
JP-A-58-113934 each disclose a technique of using tabu-
lar silver halide grains for the purpose of improving the
correlation between sensitivity and graininess, or sharp-
ness.

Further, JP-A-63-220238, and JP-A-1-102547, for
example, each disclose a technique for improving a
varlety of photographic characteristics by introducing
dislocations, which are intentionally controlled, to the
tabular silver halide grains.

Regarding the tabular silver halide grains, much re-
search has been conducted for improving the graininess
and sharpness; however, improvement of the color
reproducibility has not been discussed in the research.

SUMMARY OF THE INVENTION

An object of the invention is to provide a silver halide
color photographic light-sensitive material having an
improved color reproducibility, high sensitivity, high
contrast, improved graininess, and improved sharpness,
by providing means for preventing degradation in the
sensitivity and contrast of the interlayer effect-impart-
ing layer containing a large amount of DIR coupler.

The above object of the present invention is achieved
according to the present invention by a silver halide
color photographic light-sensitive material comprising
at least one light-sensitive silver halide emulsion layer
on a support, wherein at least one light-sensitive silver
halide emulsion layer contains tabular grains having an
aspect ratio of 3 or more and 10 or more dislocation
lines per grain, in an amount of 30% or more of a total
projected area of all grains in the layer, and at least 30
mole % of all couplers contained in the layer is occu-
pied by a DIR coupler which releases a diffusing devel-
opment inhibitor or a precursor thereof upon reaction
with an oxidized form of a developing agent, or which
cleaves to form another compound upon reaction with
an oxidized form of a developing agent, which cleaved
compound in turn reacts with another molecule of oxi-
dized form of a developing agent to release a develop-
ment inhibitor.

As described above, it has been separately known
that the color reproducibility could be improved by use
of an interlayer effect-imparting layer containing a large
amount of DIR coupler, and that the graininess and
sharpness can be improved by use of tabular silver hal-
ide grains. However, it was an unexpected eftect that a
high quality silver halide photographic light-sensitive
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material having an improved color reproducibility can
be obtained according to the invention by an interlayer
effect-imparting layer described above and tabular sil-
ver halide grains having an aspect ratio of 3 or more,
and each having 10 or more dislocation lines, with the 5
drawbacks of an interlayer effect-imparting layer being
OVEercome.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention will now be described in detail.
The silver halide grains used in the present invention
are tabular silver halide grains having an aspect ratio of
3 or more, and each having 10 or more dislocation lines.

The term “tabular silver halide grain” (to be called as 15
“tabular grain” hereinafter) is a general term of grains
having one twin plane, or two or more twin planes
arranged 1n parallel. The twin plane is defined as a (111)
plane in the case where 1ons at all the lattice points on
both sides of the (111) plane are arranged in a mirror
mmage relationship. The tabular grain, when viewed
from top, has a triangular shape, a hexagonal shape, or
a round-off shape thereof, and the triangular grain, the
hexagonal grain, or the round-off grain has outer sur-
faces of the respective shape arranged in parallel with
each other.

The aspect ratio of a tabular grain used in the inven-
tion 1s defined as the value obtained by dividing a grain
diameter by a thickness, regarding a tabular grain hav-
ing a diameter of 0.1 um or more.

The grain diameter 1s defined as the diameter of a
circle having the equivalent area to the projected area
of the outer parallel surfaces of a grain. The projected
area of a grain can be obtained by measuring the area of
a grain on an electron microscope, followed by correc- 35
tion based on the magnification. The thickness of a grain
can be obtained easily in the following manner. A metal
1s vapor-deposited on a grain from a diagonal direction
along with a latex sphere used as reference, and the
length of the shadow is measured on an electron micro-
scope. The thickness of the grain is calculated out with
reference to the length of the shadow of the latex
sphere.

The aspect ratio of a tabular grain used in the present
invention is 3 or more, preferably 4 to 15, and more
preferably, 5 to 8.

The diameter and thickness of a tabular grain can be
set at desired values as long as the condition of the
aspect ratio being 3 or more is satisfied; however the
grain diameter is preferably 0.3 to 5.0 wm, more prefera-
bly, 0.4 to 3.0 um, and the thickness is preferably 0.05 to
1.0 pm, more preferably 0.05 to 0.3 pm.

In some cases, a more advantageous result can be
obtained by use of monodisperse tabular grains. The
structure of monodisperse tabular grains, and a manu-
facture method thereof are disclosed in, for example,
JP-A-63-151618. In short, the monodisperse tabular
gramns are those in which tabular silver halide grains
having a hexagonal shape, with a ratio of the length of
the longest side to that of the shortest side being 2 or 60
less, and having two surfaces arranged in parallel with
each other as outer surfaces, occupies 70% or more of
the total projected area of all the grains. Further, the
hexagonal tabular silver halide grains have such a
monodispersibility that the variation coefficient of the 65
grain size distribution of the hexagonal tabular silver
halide grains 1s 25% or less. (The variation coefficient is
the value obtained by dividing a standard deviation of
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the grain size represented by the equivalent-circle diam-
eter of the projected area, by an average grain size.)

The grain size of the tabular grains used in the inven-
tion is preferably 0.3 um to 3 um in terms of equivalent-
sphere diameter. The equivalent-sphere diameter is the
value of the diameter of a sphere having the same vol-
ume as the volume of a silver halide grain, and can be
measured by, for example, a Coulter Counter method
(see “The Theory of the Photographic Process”,
McMilan Co., 4th ed., p-101). *

Further, the tabular grains used in the present inven-
tion each contain dislocation lines. The dislocation lines
of a grain can be observed by a direct method using a
transmission type electron microscope at low tempera-
ture, disclosed in, for example, J. F. Hamilton, Phot.
Sci. Eng., 11, 57 (1967), T. Shiozawa, J. Soc. Phot. Sci.
Japan, 35, 213 (1972), and JP-A-63-220238. More specif-
ically, silver halide grains are carefully taken out from
an emulsion so as not to apply a pressure enough to
create dislocation lines in each grain, and placed on a
mesh used for electron microscope observation. The
samples (silver halide grains) are cooled so as to avoid
damage (print out, etc.) caused by electron beams, and
observed by the transmission method. Here, the thicker
the grains, the less the transmissibility of the electron
beams, and therefore a clearer observation can be
achieved by use of a high voltage type electron micro-
scope (200 kV or higher against a grain having a thick-
ness of 0.25 pum). In observation of dislocation lines by
use of an electron microscope, since the crystal lattice is
distorted 1n shape at a section where dislocation lines
are present, electron beams are scattered, forming dark
lines on a print. (Note that negative films are used in a
regular electron microscope procedure, and on a nega-
tive film, white lines appear.) However, if electron
beams are not made incident on a silver halide grain to
be observed, at an appropriate angle, dislocation lines
may not be observed despite that they are present in the
grain. In this case, the angle of the sample holder of the
microscope 1s varied gradually so as to change the inci-
dent angle of the electron beams with respect to the
grain. In this manner, the presence or absence, the posi-
tion, and the number of dislocation lines can be obtained
by taking several photos of a grain at the same field of
view while changing the angle of the. sample holder of
the electron microscope.

The number of dislocation lines is 10 or more per
grain, preferably an average of 20 or more per grain.
Where dislocation lines are densely present, or crossed
with each other, the number of dislocation lines per
grain cannot be exactly counted often. However, even
in this case, the dislocation lines can be counted in units
of tens such as 10, 20, 30 and so on, those of which can
be clearly distinguished from those having only a few
dislocation. The average number of dislocation lines per
grain 1s found by dividing the number of lines counted
of 100 or more grains by the number of the grains in-
spected. '

As mentioned above, the tabular grains used in the
invention have an average of 10 or more dislocation
ltnes per grain, and it is preferred that grains having 10
or more dislocation lines occupy 50% or more of all the
grains in number, more preferably 70% or more.

The dislocation lines can be formed, for example, in a
region close to the periphery of the tabular grain. In this
case, the dislocation lines are present substantially per-
pendicular to the periphery, each starting from a point
at an X% position along a length of an imaginary line



5,399,471

S

starting from the center of the tabular grain to a side
(periphery) thereof, and reaching the periphery. The
value of X 1s preferably 10 or more, but less than 100,
more preferably, 30 or more, but less than 99, and most
preferably, 50 or more, but less than 98. The figure
formed by connecting the starting point of each line 1s
substantially similar to the shape of the grain, but not
exactly similar, and may be distorted. There are no such
dislocation lines present in the center region of the
grain. Crystallographically, the dislocation lines are
oriented in approximately (211) direction, but often
they are arranged in a zigzag manner, or crossed with
each other.

Further, a tabular grain may contain dislocation lines
substantially uniformly over the entire peripheral re-
gion, or in some localized areas around the periphery.
In the case of a hexagonal tabular silver halide grain, the
locations of dislocation lines may be limited to a region
close to each of the six corners, or to a region close to
one of the six corners. Further, they may be limited to
a region close to each of the sides, not the six corners.

The dislocation lines may be formed over regions
including the center of the two main parallel planes of a
tabular grain. In the case where the dislocation lines are
formed over the entire region of the main planes, the
dislocation lines may be directed in approximately (211)
direction with respect to the direction perpendicular to
the main planes, or in (110) direction, or even in random
directions. The length of each dislocation line is also
random, and therefore a dislocation line may be ob-
served as a short line appeared on the main planes, or as
a long line with one end reaching a side (periphery).
Each dislocation line may be a straight line or bent in a
zigzag manner. In many cases, dislocation lines cross
with each other.

As described above, the locations of the dislocation
lines may be limited to some regions around the periph-
ery or the main planes, or the dislocation lines may be
formed as a combination thereof, more specifically, the
lines may be present in the peripheral portion and on the
main planes at the same time.

Dislocation lines can be formed in the peripheral
portion of a tabular grain by providing a silver 1odide-

rich layer in the interior of the grain. The formation of

the silver iodide-rich layer includes the case where
stlver 1odide-rich regions are discontinuously formed.
More specifically, formation of dislocation lines is con-
ducted in the following manner. After substrate grains
are prepared, a silver iodide-rich layer is formed, and
then the outer surface of the layer is covered by a layer
having a silver halide content lower than that of the
silver iodide-rich layer. The silver iodide content of the
substrate tabular grain is lower than that of the silver
iodide-rich layer, and is preferably 0 to 20 mole %,
more preferably 0 to 15 mole %.

The silver iodide-rich layer in the interior of a grain is
a stlver halide solid solution containing silver iodide.
Preferable examples of the silver halide are silver i1o-
dide, silver iodobromide, and silver chlorotodobromide,
with silver 10dide and silver 1iodobromide (silver iodide
content of 10 to 40 mole %) being more preferable. In
order to make the silver iodide-rich layer (to be called
as inner silver 1odide-rich layer) in the interior of a grain
present selectively either on a side or corner of a sub-
strate grain, the conditions for forming substrate grains
and inner silver iodide-rich layer are controlled. The
important factors for forming the substrate grains are
pAg (logarithm of the reciprocal of silver ion concen-
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tration), the presence or absence of a silver halide sol-
vent, the type and amount thereof, and the temperature.
By setting pAg during growth of the substrate grains at
8.5 or less, more preferably, & or less, the inner silver
iodide-rich layer can be made present selectively close
to a corner of the substrate base grain. On the other
hand, by setting pAg during growth of the substrate
grains at 8.5 or higher, preferably 9 or higher, the inner
silver 10dide-rich layer can be made present on a side of
the substrate grain. The threshold value for pAg varies
up or down in accordance with the temperature, the
presence or absence of a silver halide solvent, the type
and amount thereof. For example, a thiocyanate is used
as the silver halide solvent, the threshold of pAg goes
up. A pAg value of a particular importance during
growth 1s the pAg value at the final stage of the growth
of the substrate grain. In the case where pAg during the
growth does not meet the above value, the selective
position of the inner silver iodide-rich layer can be
controlled by adjusting pAg to the above value and
ripening the substrate grain, after growth thereof. Here,
ammonia, an amine compound, and a thiocyanate salt
are useful silver halide solvents. Formation of an inner
silver todide-rich layer can be performed by a conver-
sion method. The conversion method includes a method
of adding halogen ions during formation of the grain.
The added halogen ions are those which form with
stlver 10ns salts having a lower solubility than salts halo-
gen ions which constitute, at the time of the addition, a
grain or the surface portion thereof. In the invention, it
is preferable that a certain amount (in relation to a halo-
gen composition) or more of the halogen ions having a
lower solubility be added per surface area of a grain at
the time of addition. For example, a certain amount or
more of KI is added during formation of grains per
surface area of the AgBr grains at the time of addition.
More specifically, 8.2 X 10—3 mole or more of an 1odide
salt 1s preferably added per surface area of the grain.

A more preferable method of forming a silver 1odide-
rich layer involves simultaneous addition of an aqueous
silver salt solution and an aqueous halide salt solution
containing an 1odide salt.

For example, at the same time as addition of an aque-
ous K1 solution, an aqueous AgNQO3 solution is added by
means of double jet. When the K1 and AgINOj3 solutions
are so added, the addition starting time and the ending
time of one solution may not be synchronous respec-
tively with those of the other. The mole ratio of the
AgNO3 solution added to the KI solution is preferably
0.1 or more, more preferably 0.5 or more, with 1 or
more being most preferable. The total mole amount of
the AgNQOj3 solution added may be stoichemically ex-
cess 1n silver 10ns with respect to the halogen 1ons in the
reaction system plus the added iodide ions. It is prefera-
ble that the pAg value during addition of the halide
solution contamning 10dide ions and addition of the silver
salt solution by double jet decreases along with time in
the course of the double jet addition. The pAg value
before the start of addition is preferably in the range
between 6.5 and 13, more preferably, between 7.0 and
11. The pAg value at the end of addition is most prefera-
bly in the range between 6.5 and 10.0.

When the above-described method is practiced, it is
preferable that the solubility of the silver halide in the
system be as low as possible. Therefore, the temperature
of the system during the formation of the silver iodide-
rich layer is preferably in the range between 30° C. and
70° C., more preferably between 30° C. and 50° C.



5,399,471

7

It 1s most preferable that formation of an inner silver
1odide-rich layer be performed by adding fine grain
silver iodide, fine grain silver iodobromide, fine grain
silver chloroiodide, or fine grain silver chloroiodebro-
mide. Of these, use of fine grain silver iodide is particu- 5
larly preferable. The fine grains usually have a grain
size of 0.01 um to 0.1 pm, but fine grains having a grain
size of less than 0.01 um, or of more than 0.1 um may be
also used. JP-A-1-183417, JP-A-2-44335, JP-A-1-
183644, JP-A-1-183645, WO 89/06830 and WO/06831
disclose examples of the method of preparing fine grain
silver halide. The inner silver iodide-rich layer can be
formed by adding fine grain silver halide, followed by
ripening. In order to dissolve the fine grains by ripen-
ing, the above-mentioned silver halide solvent can be
used. The added fine grains do not have to be immedi-
ately all dissolved to disappear, but should be com-
pletely dissolved to disappear until the formation of the
final grains is finished.

The silver 10dide content of the outer layer covering 20
the mner silver i1odide-rich layer is lower than that of
the silver iodide-rich layer, and is preferably O to 30
mole %, more preferably, 0 to 20 mole %, with 0 to 10
mole % being most preferable. The inner silver iodide-
rich layer 1s preferably located within an area in the 25
hexagon, or the respective shape, obtained by project-
ing the grain, which area contains silver in an amount of
5 mole % or more but less than 100 mole % of the total
amount of silver in the grain when measured from the
center of the projected shape, more preferably 20 mole 30
% or more but less than 95 mole %, with 50 mole % or
more but less than 90 mole %. The silver content of
silver halide constituting the inner silver iodide-rich
layer 1s 50 mole % or less of the total silver content of
the entire grain, and more preferably 20 mole % or less. 35
These values in connection with the silver iodide-rich
layer are formulation values used in the silver halide
emulsion preparation, and are not values obtained by
measuring the halogen composition of the final grain by
means of various analyzing methods. It should be noted 40
that the inner silver iodide-rich layer in the final grain is
likely to disappear during a recrystallizing process or
the like. All of the above description is related to the
manufacturing method thereof.

In the final grain, dislocation lines can be easily ob-
served by the above-described method; however in
many cases, an inner stlver iodide-rich layer introduced
to form the dislocation lines cannot be observed as a
distinct layer. For example, the peripheral portion of a
tabular grain 1s all observed as a silver iodide-rich layer
In some cases. The halogen composition can be speci-
fied by means of combination of X-ray diffraction,
EPMA (also called as XMA) method (silver halide
composition is detected by scanning a silver halide grain
with electron beam), ESCA (also called as XPS)
method (photo-electron emitted from the grain surface
upon irradiation of X-ray is dispersed), etc.

The temperature and pAg during the formation of the
outer layer, which covers the mmner silver iodide-rich
layer, can be set at any desired values at the time of 60
formation of the outer layer. However, a preferable
temperature is in the range between 30° C. and 80° C.,
with the range between 35° C. and 70° C. being most
preferable, whereas a preferable pAg value is in the
range between 6.5 and 11.5. Further, in some cases, it is
preferable to use the above-mentioned silver halide
solvent, with thiocyanate salt being the most preferred
silver halide solvent.

10

15

45

50

35

65

8

In order to form dislocation lines on the main surfaces
of a tabular grain, first, substrate grains are prepared,
and silver halochloride is deposited on the main surfaces
of the substrate grain. Then, a silver bromide-rich or
silver 1iodide-rich layer 1s formed through conversion of
the silver halochloride, and a shell layer is provided so
as to cover the layer. Preferable examples of stlver
halochloride are silver chloride, and silver chlorobro-
mide or bromochloroiodide containing 10 mole % or
more, preferably 60 mole % or more of silver halide,
and silver chloride. The silver halochloride can be de-
posited on the main plane of the substrate grain by
adding an aqueous silver nitrate solution and an agueous
solution of an appropriate alkali metal salt (e.g., potas-
sium chloride) separately or at the same time, or by
adding an emulsion made of the silver halochlonde,
followed by ripening. The deposition of silver halochio-
ride can be performed at any desired pAg value, with
5.0 or more but 9.5 or less being most preferable. With
this method, tabular grains are grown mainly in the
thickness direction. The amount of the silver halochlo-
ride layer is 1 to 80 mole %, more preferably 2 to 60
mole % with respect to the amount of the substrate
grain 1 terms of silver. By conversion of the silver
halochloride layer using a solution of a halide which
can form a silver salt having a solubility lower than that
of the silver halochloride, dislocation lines can be
formed on the main planes of a tabular grain. For exam-
ple, the silver halochloride layer 1s converted by an
aqueous Kl solution, and then a shell is grown so as to
obtain the final grain. In the halogen conversion of the
silver halochloride layer, not all of the silver halochlo-
ride is necessary to be converted to a silver salt having
a solubility lower than that of silver halochlornide, but
preferably 5% or more, more preferably 10% or more,
most preferably 20% or more of the silver halochioride
is converted to the silver salt having a lower solubility.
Dislocation lines can be formed at a desired localized
region in the main surface by controlling the halogen
structure of substrate grains on which the silver halo-
chloride Iayer i1s formed. For example, when an inner
stlver iodide-rich structure in a substrate tabular grain is
displaced in the lateral direction of the substrate grain,
dislocation lines can be formed in the region excluding
the center portion of the main plane, that is, only in the
peripheral region thereof. Alternatively, when an outer
silver iodide-rich structure in a substrate tabular grain is
displaced in the lateral direction of the substrate grain,
dislocation lines can be formed in the region excluding
the peripheral portion of the main plane, that is, only n
the center region thereof. Further, by use of a site direc-
tor for epitaxial growth of silver halochloride, such as
an iodide, stlver halochloride can be deposited only in a
limited region of the area, and dislocation lines can be
formed only in that region. During deposition of silver
halochloride, the temperature is preferably in a range of
30° to 70° C., with a range of 30° to 50° C. being more
preferable. Although the conversion can be performed
after deposition of silver halochloride, and then a shell
can be grown, it is also possible to carry out halogen
conversion while growing a shell after deposition of
silver halochlonde.

The total amount of silver of the silver halochloride
layers to be formed on both sides of the two paraliel
main planes and in a direction perpendicular to the main
planes is preferably within a range of 5 mole % to less
than 100 mole %, more preferably 20 mole % to less
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than 95 mole %, most preferably 50 mole % to less than
90 mole %, of the total silver amount of the grain.

The stlver iodide content of the shell is preferably 0 to
30 mole %, with 0 to 20 mole % being more preferable.
The temperature and pAg value during formation of the
shell can be set as desired, but a preferable temperature
is in a range of 30° to 80° C., with 35° to 70° C. being
more preferable, and a preferable pAg value 1s In a
range of 6.5 to 11.5. In some cases, 1t 1s preferable to use
the above-mentioned silver halide solvent, and the most
preferable silver halide solvent is a thiocyanate salt. In
the final grain, the halogen-converted inner silver halo-
chlornide layer may not be detected by the aforemen-
tioned analyzing method for halogen composition
under some conditions such as a degree of halogen-con-
version. In contrast, dislocation lines can be clearly
detected.

The method of forming dislocation lines in a destred
region on the main plane of a tabular grain, and the
method of forming them in a desired region on the
peripheral portion of a tabular grain may be combined
with each other appropriately when forming disloca-
tion lines.

The tabular substrate grain used in the present inven-
tion can be easily prepared by methods disclosed in, for
example, “Photography Theory and Practice” by
Cleve, page 131, (1930); “Photographic Science and
Engineering” by Gutoff, Vol. 14, pages 248-257 (1970);
U.S. Pat. Nos. 4,434,226, 4,414,310, 4,433,048, and
4,439,520, and British Patent 2,112,157.

Silver halide emulsions which can be used together
with the above-mentioned emulsions of the invention
include silver bromide, silver iodobromide, silver bro-
mochloroiodide, and silver chiorobromide. A prefera-
ble silver halide is silver iodobromide or bromochloro-
10dide containing 30 mole % or less of silver 1odide.

In the silver halide emulsion which can be com-
binedly used in the invention, the crystal structure of a
silver halide grain may be uniform, may have different
halogen compositions in the interior and the surface
thereof, or may be a layered structure. These emulsion
grains are disclosed in, for example, British Patent
1,027,146, and U.S. Pat. Nos. 3,505,068, 4,444,877 and
4,668,614. Alternatively, a silver halide having a differ-
ent composition may be joined by an epitaxial junction
or a compound except for a stlver halide, such as silver
rhodanide or zinc oxide, may be joined.

The tabular grains used 1 the imvention, and the
silver halide grains which can be combinedly used in
the invention may be treated such as to round off the
grains as disclosed in, e.g., EP-0096727B2, or EP-
0064412B1, or to modify the surface thereof as disclosed
in DE-2306447C2 or JP-A-60-221320.

‘The tabular grains used in the invention, and the
silver halide grains which can be combinedly used in
the invention 1s preferably of a surface latent image
type, but as disclosed in JP-A-59-133542, an interior
latent image type emulsion may be also used by select-
ing appropriate conditions for the developer solution or
the development. Further, a shallow interior latent
image type emulsion with a thin shell, may be used in
accordance with purpose.

In order to promote ripening, a silver halide solvent is
useful. For example, 1t 1s known that an excessive
amount of halogen i1ons 1s made present in a reaction
vessel to promote ripening. Therefore, it is obvious that
ripening can be promoted by introducing a halide salt
solution in the reaction vessel. Other ripening agents
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can be also used. The ripening agent may be added in
advance to a dispersion medium in the reaction vessel in
its entire amount before adding silver and halide salts,
or may be introduced in the vessel along with one or
more halide salts, silver saits, or deflocculants. In an-
other example, the ripening agent may be introduced
independently at the time of addition of a halide salt and
a silver salt.

Examples of the rnipening agent other than halogen
ions are ammonia, amine compounds, and thiocyanate
salts such as an alkali metal thiocyanate salt, and partic-
ularly sodium and potassium thiocyanate salts, and an
ammonium thiocyanate sait.

The tabular grains used in the invention should pref-
erably be of the type 1n which the silver iodide amount
is uniform between grains. A judgment on whether or
not the silver 10dide amount between grains is uniform
can be made by means of the above-mentioned EPMA
method (Electron-Probe Micro Analyzer method).

In this method, emulsion grains are well dispersed
such that the grains are not brought into contact with
each other to prepare a sample, and electron beams are
irradiated on the sample. Thus, the elemental analysis of
a fine very section can be conducted through an X-ray
diffraction method using electron ray excitation.

More specifically, the intensity of each of the X-rays
radiated from each grain and characteristic to silver and
10dine, i1s measured so as to determine the halogen com-
position of each grain.

It is preferable that the relative standard deviation of
the silver iodide amount distribution between grains is
0% or less, with 35% or less being more preferable,
and 20% or less being most preferable.

In preparing the tabular grains used in the invention,
a cadmium salt, a zinc salt, a thallium salt, an iridium salt
or a complex salt thereof, a rhodium salt or a complex
salt thereof, or an iron salt or an iron complex salt may
be co-present during formation or physical ripening of
the silver halide grains. Most perferred is an iridium salt.

The tabular grains used in the invention may have
been subjected to internal reduction sensitization during
formation of grains or physical ripening, as disclosed in
Moisar et al. “Journal of Photographic Science” Vol
25, 1977, pages 19-27. The reduction sensitization can
be carried out by either a method wherein a reduction
sensitizer 1s added to a silver halide emulsion, a so-called
silver ripening method wherein growth or ripening is
carried out in a low pAg environment of pAg 1-7, or a
so-called high pH ripening method wherein growth or
ripening is carried out in a high pH environment of pH
8-11. Examples of the reduction sensitizer used for
carrying out the reduction sensitization are a stannous
salt, an amine or a polyamine, a hydradine derivative, a
formamidine sulfinic acid, a silane compound, and a
borane compound.

Usually, the tabular silver halide grains of the inven-
tion have been subjected to chemical sensitization.

The chemical sensitization 1s carried out after forma-
tion of the silver halide emulsion, and the formed emul-
sion may be washed with water by a general method
before the sensitization. Washing emulsion with water
may be carried out by the method disclosed in Research
Disclosure No. 308119 (Dec. 1989), Chapter IL

The chemical sensitization can be carried out by use
of active gelatin as disclosed in T. H. James et al., “The
Theory of the Photographic Process”, 4th ed., pp.
67-76, Macmillan, 1977; or by use of sulfur, selenium,
tellurium, gold, platinum, palladium, irnidium or combi-
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nations of these sensitizers at pAg of 5-10, pH 5-8, and
a temperature of 30° to 80° C. as disclosed in Research
Disclosure Vol. 120, April 1974, 12008, Research Dis-
closure Vol. 34, June 1975, 13452, U.S. Pat. Nos.
2,642,361, 3,297,446, 3,772,031, 3,857,711, 3,901,714,
4,266,018, and 3,904,415, and British Patent 1,315,755.
Most preferably, the chemical sensitization is carried
out in the presence of a gold compound and a thiocya-
nate compound, by use of a combination of a sulfur-con-
taining compound such as hypo, a thiourea compound,
or a rhodanine compound disclosed in U.S. Pat. Nos.
3,587,711, 4,266,018, and 4,054,457, and a selenium com-
pound disclosed in, e.g., U.S. Pat. Nos. 3,297,446,
3,297,447, 3,408,196, 3,408,197, 3,442,653.

The chemical sensitization can be carried out in the
presence of a chemical sensitization aid. Well-known
compounds which can suppress fogging and increase
the sensitivity during chemical sensitization, such as
azaindene, azapyridazine, and azapyrimidine, are used
as the chemical sensitization aid. Examples of a modifier
of the chemical sensitization aid are disclosed in U.S.
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Pat. Nos. 2,131,038, 3,411,914, and 3,554,747, JP-A-58- -

126526, and “Photographic Emulsion Chemistry” by
Dafin, pp. 138-143.

In addition to, or in place of, the chemical sensitiza-
tion, reduction sensitization can be carried out by use of
hydrogen, for example, as disclosed in U.S. Pat. Nos.
3,891,446 and 3,984,249. Alternatively, as disclosed in
U.S. Pat. Nos. 2,518,698, 2,743,182, and 2,743,183, the
reduction sensitization can be carried out by use of a
reducing agent such as stannous chloride, thiourea diox-
ide, or polyamine, or by means of low pAg (e.g., less
than 5) and/or high pH (e.g., more than 8) process.

It 1s preferable that the tabular silver halide emulsion
of the invention is spectrally sensitized by a spectral
sensitizing dye. Any spectral sensitizing dye which can
be usually used for a silver halide photographic light-
sensitive material may be used as the spectral sensitizing
dye, with a cyanine dye, a merocyanine dye, and a
composite merocyanine dye being more preferable.
More specifically, the spectral sensitizing dyes repre-
sented by formula (I) and (II) set forth in JP-A-63-
106743, pp. 23-42 are most preferable.

The spectral sensitizing dyes can be used singly or in
combination, and combinations of sensitizing dyes are
often used for the purpose of supersensitization.

The supersensitization method is disclosed in, for
example, U.S. Pat. Nos. 2,688,545, 2,977,229, 3,397,060,
3,522,052, 3,527,641, 3,617,293, 3,628,964, 3,666,480,
3,672,898, 3,679,428, 3,703,377, 3,769,301, 3,814,609,
3,837,862, and 4,026,707, JP-B-43-4936, JP-B-53-12375,
and JP-A-52-110618, JP-A-52-109925, and JP-A-2-
127636.

Addition of the dye to an emulsion may be conducted
at any stage of preparation of the emulsion, which is
known to be useful. Most generally, the addition is
carried out after completion of the chemical sensitiza-
tion and before coating. However, the dye may be
added at the same time as addition of the chemical sensi-
tizer so as to perform the spectral sensitization and
chemical sensitization at the same time as disclosed in
U.S. Pat. Nos. 3,628,969, and 4,225,666, or may be
added before the chemical sensitization as disclosed in,
e.g., JP-A-58-113,928, JP-A-59-9658, JP-A-61-103149,
and JP-A-61-133941. The spectral sensitization can be
started by adding the dye before the completion of
formation of silver halide grain precipitate. Further, as
set forth 1n U.S. Pat. No. 4,225,666, these dyes can be
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added separately, that 1s, a part of the dyes is added
prior to the chemical sensitization, and the rest can be
added after the chemical sensitization. That is, addition
of the dyes may be at any time during formation of the
silver halide grains. Regarding the tabular silver halide
emulsion of the invention, it is preferable that a spectral
sensitization dye is added before chemical sensitization.

The amount of dye added may be 4x10—° to
1x10—2 mole per mole of silver halide. In the case
where the silver halide grain size (equivalent-sphere
diameter) is 0.2 to 1.5 um, the amount of about 5X 103
to 6 X 10—3 mole per mole of silver halide is more effec-
tive.

A coupler of the present invention, which reacts with
the oxidized form of a developing agent to release a
diffusible development inhibitor or a precursor of a
development inhibitor, will be described below. In addi-
tion, a coupler of the invention which cleaves to form
another compound after reacting with the oxidized
form of a developing agent, which cleaved compound
in turn reacts with another molecule of the oxidized
form of a developing agent to release a diffusible devel-
opment inhibitor or a precursor thereof will also be
described.

These couplers are preferably represented by Formu-
las (1), (II), or (1II) below:

Formula (I) A-DI

Formula (II) A-(TIME)s-DI1

Formula (1IT) A-(TIME);-RED-DI ,
where A represents a coupler moiety which undergoes
a coupling reaction with the oxidized form of an aro-
matic primary amine developing agent to split off DI,
(TIME)s-DI, or (TIME);-RED-DI; TIME represents a
timing group which cleaves DI or RED-DI after split-
ting off from A or TIME upon the coupling reaction;
RED represents a group which reacts with the oxidized
form of a developing agent after splitting off from A or
TIME to cleave DI bonded to it; DI represents a devel-
opment inhibitor; a represents 1 or 2; and 1 represents 0
or 1. If a represents 2, two TIMESs may be the same or
different.

A coupler moiety represented by A will be described.

If A represents a yellow dye-forming coupler moiety,
examples of the coupler moiety are a pivaloylacetani-
lide type coupler moiety, a benzoylacetanilide type
coupler moiety, a malondiester type coupler moiety, a
malondiamide type coupler moiety, a dibenzoylme-
thane type coupler moiety, a benzothiazolylacetamide
type coupler moiety, a malonestermonoamide type cou-
pler moiety, a benzoxazolylacetamide type coupler
molety, a benzoimidazolylacetamide type coupler moi-
ety, and a cycloalkanoylacetamide type coupler moiety.
A coupler moiety described in U.S. Pat. Nos. 5,021,332
or 5,021,330 or EP 421,221 A can also be used.

If A represents a magenta dye-forming coupler moi-
ety, examples of the coupler moiety are a 5-pyrazolone
type coupler moiety, a pyrazolobenzimidazole type
coupler moiety, a pyrazolotriazole type coupler moiety,
a pyrazoloimidazole type coupler moiety, and a
cyanoacetophenone type coupler moiety.

If A represents a cyan dye-forming coupler moiety,
examples of the coupler moiety are phenol type and
naphthol type coupler moieties. It is also possible to use
a coupler moiety described in U.S. Pat. No. 4,746,602 or
EP 249,453A.

A can be a coupler moiety which does not substan-
tially form a dye. Examples of the coupler moiety of this
type are indanone type and acetophenone type coupler
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moieties, and eluting coupler moieties described in EP
443,530A and 444,501 A.

If A represents a coupler moiety in Formula (1), (II)
or (III), preferable examples of A are coupler moieties
represented by Formulas (Cp-1), (Cp-2), (Cp-3), (Cp-4),
(Cp-5), (Cp-6), (Cp-7), (Cp-8), (Cp-9), and (Cp-10) be-
low. These couplers are preferable because of their high
coupling rates.

00
R51C(’3HCNH—R52

formuia (Cp-1)

Rs1

|
RszN"C(':H(CNH)bRﬂ

(IZI) ﬁi formula (Cp-2)

formula (Cp-3)

N O
|
Rss
formula (Cp-4)
R
N
SN NH
/
- »
Rs7
formula (Cp-5)
RS56
/
N ;\
N NH
\
N =<
Rs7
OH formula (Cp-6)
NHCO—Rs3
(Rs9 )
OH formula (Cp-7)
NHCONH—Rs0
(Rsg)
OH formula (Cp-8)

formula (Cp-9)
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-continued
OH formula (Cp-10)
(R63)E' OH

In the above formulas, the free bond deriving from
the coupling position represents the bonding position of
a coupling spht-off group.

In the above formulas, if R51, R52, Rs53, Rs4, Rss, Rsg,
Rs7, Rsg, Rsg, Rgo, R, Rg2, or Rgzincludes a nondiffus-
ing group, the group is so selected as to have a total
number of carbon atoms of 8 to 40, preferably 10 to 30.
Otherwise, the total number of carbon atoms 1s prefera-
bly 15 or less. In the case of a bis, teiomer, or polymer
type coupler, one of the above substituents represents a
divalent group and connects the coupler units. In this
case, the number of carbon atoms may fall outside the
range defined above.

Rs1 to Rg3, b, d, and e will be described in detail
below. In the following description, R41 represents an
alkyl group, an aryl group, or a heterocyclic group, Ra;
represents an aryl group or a heterocyclic group, and
each of Rs3, R4, and Rus represents a hydrogen atom,
an alkyl group, an aryl group, or a heterocyclic group.
Rs11s of the same meaning as R4i. Each of Rs2 and Rs3
is of the same meaning as R43. b represents 0 or 1. Rs4
represents a group having the same meaning as R41, an
R4)CO(R43)N-group, an R41SO2(R43)N-group, an
R41(R43)N-group, an R41S-group, an R430-group, or an
Ras5(R43)NCON(R44)-group.

Rss5 represents a group having the same meaning as
R41. Each of Rs¢ and Rs7 represents a group having the
same meaning as R43, an R41S-group, an R430-group,
an R41CO(R43)N-group, or an R41SO2(R43)N-group.
R 55 represents a group having the same meaning as Ru;.
R 59 represents a group having the same meaning as R4,
an R41CO(R43)N-group, an R4;0OCO(R43)N-group, an
R41S02(R43)N-group, an R43(R44)NCO(R45)N-group,
an R410-group, an R41S-group, a halogen atom, or an
R41(R43)N-group. d represents 0 to 3. If d represents the
plural number, a plurality of Rs¢’s represent the same
substituent or different substituents. Rg¢o represents a
group having the same meaning as R41. Rg1 represents a
group having the same meaning as R4). Rg2 represents a
group having the same meaning as R4, an Rq;CONH-
group, an R41OCONH-group, an R415S0;NH-group, an
R43(R44)NCONH-group, an R43(R44)NSO2NH-group,
an R430-group, an R41S-group, a halogen atom, or an
R41NH-group. Re¢3 represents a group having the same
meaning as Ry4;, an R zCOR4s)N-group, an
R43(R44)NCO-group, an R4;SO2(R43)N-group, an
R41(R43)NSO3-group, an R41502-group, an R430CO-
group, an R430—SO;-group, a halogen atom, a nitro
group, a cyano group, or an R43CO-group. e represents
an integer from 0 to 4. If a plurality of Re2’s or Re3’s are
present, they may be the same or different.

In the above description, the alkyl group is a satu-
rated or unsaturated, chain or cyclic, straight-chain or
branched, substituted or unsubstituted alkyl group hav-
ing 1 to 32, preferably 1 to 22 carbon atoms. Represen-
tative examples of the alkyl group are methyl, cyclopro-
pyl, isopropyl, n-butyl, t-butyl, i-butyl, t-amyl, n-hexyl,
cyclohexyl, 2-ethylhexyl, n-octyl, 1,1,3,3-tetramethyl-
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butyl, n-decyl, n-dodecyl, n-hexadecyl, and n-octade-
cyl.

The aryl group 1is a substituted or unsubstituted aryl
group having 6 to 20 carbon atoms, preferably a substi-
tuted or unsubstituted phenyl group or a substituted or
unsubstituted naphthyl group.

The heterocyclic group is a substituted or unsubsti-
tuted, preferably 3- to 8-membered, heterocyclic group
having 1 to 20, preferably 1 to 7 carbon atoms and at
least one heteroatom selected from a nitrogen atom, an
oxygen atom and a sulfur atom. Representative exam-
ples of the heterocyclic group are 2-pyridyl, 2-benzox-
azolyl, 2-imidazolyl, 2-benzimidazolyl, 1-indolyl, 1,3,4-
thiadiazol-2-yl, 1,2,4-triazol-2-yl, and 1-indolynyl.

If the alkyl group, the aryl group, and the heterocy-
clic group described above have substituents, represen-
tative examples of the substituents are a halogen atom,
an R470-group, an RugS-group, an Ry7CO(R4g)N-
group, an R47(R48)NCO-group, an RssOCO(R47)N-
group, an R465S02(R47)N-group, an R47(R48)NSO»-
group, an RysSOs-group, an Ry70CO-group, an
R47INCO(R4g)N-group, an R47CONHSOz-group, an
R47NHCONHSO;,-group, a group having the same
meaning as R4s, an R47(R4s)N-group, an Ry6COO-
group, an R470S0,-group, a cyano group, and a nitro
group. R4¢ represents an alkyl group, an aryl group, or
a heterocyclic group, and each of R47, R48, and Rys
represents an alkyl group, an aryl group, a heterocyclic
group, or a hydrogen atom. These alkyl, aryl, and heter-
ocyclic groups have the same meanings as defined
above.

Preferable ranges of Rs; to Re¢3, b, d, and e will be
described below.

Rsi is preferably an alkyl group, an aryl group, or a
heterocyclic group. Each of R53and Rss1s preferably an
aryl group. Preferably, Rs3is an aryl group when b is 1,
and is a heterocyclic group when b is 0. Rs4 is prefera-
bly an R41CONH-group or an R41(R43)N-group. Each
of Rs56 and Rs7 1s preferably an alkyl group, an R410-
group, or an R41S-group.

Rsg 1s preferably an alkyl group or an aryl group. In
Formula (Cp-6), Rs9 is preferably a chlorine atom, an
alkyl group, or an R4iCONH-group. d is preferably 1 or
2. Rego 1s preferably an aryl group. In Formula (Cp-7),
Rs9 1s preferably an R4ijCONH-group. In Formula
(Cp-7), d 1s preferably 1. Rg; 1s preferably an alkyl group
or an aryl group. In Formula (Cp-8), e is preferably O or
1. Rg2 1s preferably an R4 1OCONH-group, an
R41CONH-group, or an R41SO;NH-group, and the
substitution position of any of these substituents is pref-
erably the 5-position of the naphthol ring. In Formula
(Cp-9), Rg¢3 is preferably an R41CONH-group, an
R41SO;2NH-group, an  R41(R43)NSOsz-group, an
R41S07-group, an R41(R43)NCO-group, a nitro group,
or a cyano group. In Formula (Cp-10), R¢3 1s preferably
an Rq3NCO-group, an R430CO-group, or an R43CO-
group.

A development inhibitor represented by DI will be
described below.

Examples of a development inhibitor represented by
DI are described in Research Disclosure Vol. 76, No.
17643 (December, 1978), U.S. Pat. Nos. 4,477,563;
5,021,332; 5,026,628; 3,227,554; 3,384,657; 3,615,506;
3,617,291; 3,733,201; 3,933,500; 3,958,993; 3,961,959;
4,149,886; 4,259,437; 4,095,984 and 4,782,012, British
Patent 1,450,479, and U.S. Pat. No. 5,034,311. The de-
velopment inhibitor is preferably a heterocyclic thio
group, a heterocyclic seleno group, or a triazolyl group
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(a single-rign or fused-ring 1,2,3-triazolyl or 1,2,4-
triazolyl), and most preferably tetrazolylthio, tet-
razolylseleno, 1,3,4-oxadiazolyithio, 1,3,4-thiadiazo-
lylthio, 1-(or 2-)benzotriazolyl, 1,2,4-triazol-1-(or 4-)yl,
1,2,3-triazol-1-yl, 2-benzothiazolylthio, 2-benzoxazo-
lylthio, 2-benzimidazolylthio, or a derivative of any of
them. Preferable development inhibitors are repre-
sented by Formulas DI-1 to DI-6 below:

N DI-1
Al N~ N
- N
\ P or
N
(R11)r
Ri1yr
N—N ﬁ DI-2
' N
-S—< or —N N—R1»
\ /
ll\T—N N=N
Ri12
N—N DI-3
'—S——( )—RH
V
N—N DIi4
_5—4 N )—(Rll)g
|
Ri2
DI-5
N
V
(R11)r
N DI-6
N7 N
Ri)x

where Rij represents a halogen atom (e.g., a bromine
atom or a chlorine atom), an alkoxycarbonyl group
(having 2 to 20, preferably 2 to 10 carbon atoms; e.g.,
methoxycarbonyl or isoamyloxycarbonylmethoxy), an
acylamino group (having 2 to 20, preferably 2 to 10
carbon atoms; e.g., hexanamide or benzamide), a car-
bamoyl group (having 1 to 20, preferably 1 to 10 carbon
atoms; e.g., N-butylcarbamoyl, N,N-diethylcarbamoyl,
or N-mesylcarbamoyl), a sulfamoyl group (having 1 to
20, preferably 1 to 10 carbon atoms; e.g., N-butylsulfam-
oyl), an alkoxy group (having 1 to 20, preferably 1 to 10
carbon atoms; e.g., methoxy or benzyloxy), an aryloxy
group (having 6 to 20, preferably 6 to 10 carbon atoms;
e.g., phenoxy, 4-methoxyphenoxy, or naphthoxy), an
aryloxycarbonyl group (having 7 to 21, preferably 7 to
11 carbon atoms; e.g., phenoxycarbonyl), an alkoxycar-
bonylamino group (having 1 to 20, preferably 1 to 10
carbon atoms; e.g., ethoxycarbonylamino), a cyano
group, a nitro group, an alkylthio group (having 1 to 20,
preferably 1 to 10 carbon atoms; e.g., methylthio or
hexylthio), a ureido group (having 1 to 20, preferably 1
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to 10 carbon atoms; e.g., N-phenylureido), an aryl
group (having 6 to 10 carbon atoms; e.g., phenyl, naph-
thyl, or 4-methoxyphenyl), a heterocyclic group (hav-
ing 1 to 10 carbon atoms, which is a 3- to 12-membered,
preferably 5- or 6-membered single-ring or fused-ring
heterocyclic group containing at least one heteroatom
selected from a nitrogen atom, an oxygen atom and a
sulfur atom; e.g., 2-pyridyl, 1-pyrrolyl, morpholino, or
indolyl), an alky!l group (having 1 to 20, preferably 1 to
10 carbon atoms, which is a straight-chain, branched, or
cyclic, saturated or unsaturated alkyl group; e.g.,
methyl, ethyl, butoxycarbonylmethyl, 4-methoxyben-
zyl, or benzyl), an acyl group (having 1 to 20, preferably
2 to 10 carbon atoms; e.g., acetyl or benzoyl), an
arylthio group (having 6 to 10, preferably 6 to 10 carbon
atoms; e.g., phenylthio or naphthylthio), or an arylox-
ycarbonylamino group (having 7 to 11 carbon atoms;
e.g2., phenoxycarbonylamino). These substituents can
further have substituents, examples of which are those
enumerated above.

In the above formulas, R13 represents an aryl group
(having 6 to 10 carbon atoms; e.g., phenyl, naphthyl,
4-methoxyphenyl, or 3-methoxycarbonylphenyl), a het-
erocyclic group (having 1 to 10 carbon atoms, which is
a 3- to 12-membered, preferably 5- or 6-membered sin-
gle-ring or fused-ring heterocyclic group containing at
least one heteroatom selected from a nitrogen atom, an
oxygen atom and a sulfur atom; e.g., 2-pyridyl, 1-pyrro-
lyl, morpholino, or indolyl), or an alkyl group (having 1
to 20, preferably 1 to 10 carbon atoms, which is a
straight-chain, branched, or cyclic, saturated or unsatu-
rated alkyl group; e.g., methyl, ethyl, butoxycarbonyl-
methyl, 4-methoxybenzyl, or benzyl). V represents an
oxygen atom or a sulfur atom. f represents 1 to 4, g
represents O or 1, and h represents 1 or 2.

A group represented by TIME will be described
below.

A group represented by TIME can be any linking
group as long as it can cleave DI after cleaved from A
during development. Examples of the group are a group
described in U.S. Pat. Nos. 4,146,396, 4,652,516, or
4,698,297, which utilizes a cleavage reaction of hemiac-
etal; a timing group described in U.S. Pat. Nos.
4248 962, 4,847,185, or 4,857,440, which causes a cleav-
age reaction by utilizing an intramolecular nucleophilic
substitution reaction; a timing group described 1n U.S.
Pat. Nos. 4,409,323 or 4,421,845, which causes a cleav-
age reaction by utilizing an electron transfer reaction; a
group described 1 U.S. Pat. No. 4,546,073, which
causes a cleavage reaction by utilizing a hydrolytic
reaction of iminoketal; and a group described in West
German Patent 2,626,317, which causes a cleavage re-
action by utilizing a hydrolytic reaction of ester. TIME
bonds with A at a heteroatom, preferably an oxygen
atom, a sulfur atom or a nitrogen atom contained in it.
Preferable examples of TIME are those represented by
Formulas (T-1), (T-2), and (T-3) below:

Formula (T-1) *-W~(X=Y)j-C(R21)R22-**

Formula (T-2) *-W-CO-**

Formula (T-3) *-W-LINK-E-**
where mark * represents a position where TIME bonds
with A 1n Formula (II), mark ** represents a position
where TIME bonds with DI, or TIME (if a represents
the plural number), W represents an oxygen atom, a
sulfur atom, or >N-R23, each of X and Y represents a
methine group or a nitrogen atom, j represents 0, 1, or
2, and each of R31, R22, and Rj3 represents a hydrogen
atom or a substituent. Any two substituents selected
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from the substituents of a methine group represented by
X and Y, and the substituents represented by Rai, R
and R»3 may or may not bond together to form a cyclic
structure (e.g., a benzene ring or a pyrazole ring). In
Formula (T-3), E represents an electrophilic group, and
L.INK represents a linking group which sterically links
W to E so that they can undergo an intramolecular
nucleophilic substitution reaction.

Specific examples of TIME represented by Formula
(T-1) are as follows.

NO>

CHy—**

NHSO,CH3

e
*“OQj ¥e O—CHy=—** ¥~ CH)~**
t...IIq._..CHz_t* *__llq_..CHz._u *em N
CH(CHz3)» CH>CO>CHj3
*k
*—N—CHy—**
N CHj3
/ -~
CO *—N
CHy—**
CHj

N CHj 2
J B N
*—N
CHy—**
CHy=—**
CHp—**
| Ci1Ha3
CHj3
P \
«—N "~ N +—0 N
N.t‘""
CH; CHy—**
NO»
NHSO0,C16H33
*—Q CHp—**

Specific examples of TIME represented by Formula
(T-2) are as follows.

#—O—C-—.t# #—N—-:CD—_##

|
CH,CO>;CH3

t-—S—C-—#*

I |
O O
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Specific examples of TIME represented by Formula

(T-3 ) are as foliows.

CHzNCC)—“ CHgNCO-—**
Csz CaH'f(l) 10
OCHj; *—-OCN
15
CHZNCO"—**
CH3 0 “
20
O
I
*—OCCH)ON
\ 25
CO—**

Specific examples of (TIME), when a represents 2 or
more in Formula (II) are as follows.

30
N CHj3 CHy—**
/ = /
*—Oﬁ:—N *—0(||3-N\
O CHy—** O CH-»CO+CH3
CH; 35
NHS0,C16H33

*—0 CH>,OCOCHI N—CQO—** 40

43

OH
*: : CONHCH,CH,;COOH
N—N

CHy~S f

: Ci11Hzs

20
-continued
0
* e O CH;0CCH;NCO—**
NHCOCH;
Cl

CHy—**

/

*—=0C—N—CHy—** *=0OCH;—N

|
O CO

A group represented by RED in Formula (II1) will be
described below.

After cleaved from A or TIME, a compound repre-
sented by Formula (III) splits off RED-DI. This split-
off group, RED-DI, can be cross-oxidized by an acidic
substance, such as the oxidized form of a developing
agent, present in development. RED-DI can be any
compound as long as it cleaves DI when oxidized. Ex-
amples Of RED are hydroquinones, catechols, pyrogal-
lols, 1,4-naphthohydroquinones, 1,2-naphthohydroqui-
nones, sulfonamidophenols, hydrazides, and sul-
fonamidonaphthols. Specific examples of these groups
are described in JP-A-61-230135, JP-A-62-251746, JP-
A-61-278852, U.S. Pat. Nos. 3,364,022; 3,379,529;
4,618,571; 3,639,417, and 4,684,604, and J. Org. Chem.,
Vol. 29, page 588 (1964).

Of these compounds, preferable examples of RED
are hydroquinones, 1,4-naphthohydroquinones, 2-(or
4-)sulfonamidophenols, pyrogaliols, and hydrazides. Of
these compounds, a redox group having a phenolic
hydroxyl group combines with A at the oxygen atom of
the phenol group.

Representative examples of the DIR coupler used in
the present invention are presented below, but the pres-
ent invention 1s not limited to these examples.

(D-1)

— N

OH
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~confinued
OH
CONHCH-,CH,COOCH;
O N—N
CHZ—S{ )—CHB,
O
N -
SN Ci1Ha3
yNHCONH(CH»)»0

SO
N—COCHCONHO
Cl
N
/
N - CHj3
A\ /
N COQCHQCOQCHQCHQCH\

CHj

SO, NHCONHC,Hj5

N—COCHCONHQ

0OCgH37

N
Br /
N CH;3
A\ /
N COQCHZCOQCHZCHZCH\

CHj3

SO
/NCO(I:HCONHQ
CH3 N
N~ N
Cl

OC7H1s

s NHCOC13H>7

NHCOC7H 15

(D-2)

(D-4)

(D-3)

22
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-continued
SONHCOC,Hs5

Cl N
>—CHCONH
Cl N
OCj6H33

cH; N
N
\
N CO,CH,CONHCgH 3
C12H25000\©: NHCOCHCONH:©/ COOC12H25

”~

I : l /
CO,CH>,CO>CH>CH,CH

AN
CH3

Cl
(CH3)3CCOCHCONH© CsHyj(t)

NHCO(CH»):0 CsHii(t)
N
/
N COO
A\
N
CONH
OCi4H29
O
|
O=C
I S
O N H
CH3;OCCH> CH>—N N——CsHg
\ /
N=N
OH
O
I
O=
N
CH3
/
N I N—N

\ CH;;—S—<

CH; N—N

CHj3

(D-6)

(D-7)

(D-9)

(D-10)
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CONH
OCi4t29
O
NO2
N=N
CHy~ S%
T - N
CH» OCH3
OH
CONH
OC14H29
O
NO;
N—N
CHy— S—<
T -= N
CH»(CO,C4Hg

O
CHZS—(
O2N N NN
A\
N C11Hjs

CONHCH,CH,COOCH;
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~-continued
(D-11)
(D-12)
(D-13)
(D-14)
COOCH;3
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OH
CONHCH3
0
NHSO,C4Hy

O N-—N
Il

CHg-OCCHgNCOS—(

IINI — N
CH>CO»C3Hy

OH
‘ CONH
O

OCi14H29

NHCOCH;3;

O N=-N
{

CHgOCCHgNCOS%

N—N

NHS072C6H33

N—N

OH
“ CONH,
O

CHzOﬁCHzNCOS%
O N—N
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(D-15)

(D-16)

(D-17)
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OH
i D CONH
OC14H2g
1
O=C
I S
O N Il CH3
C>HsOCCH> CH>;—N N—CH»CO,CH,CH-CH
\ /
N==N CHj3
n-Ci3H27CONH
Ci Cl
Ci
: : CONH
0Ci4Hz9-n
v
0

OCi14H29-n

N CH3
/
N
A\
N CH»
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(D-18)

(D-19)

(1D-20)

(D-21)

(D-22)
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n-Ci3H37
N
N—N
A\
s—4{_ N
N -~
I
O
SO7NH»
SO3Na N-—N
s—4 . )\
n-C16H330 7 :
CH3
N S
\
N
4 \
~ N
N -
OH

HO

OH
CONH
: : OC14H29(n)
O

NO,

CH;;—S—<

N—N

Iii — N
C(CH3)3
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N=—N

s—( )—CHZCHEOH
O

CH,CH>,OH
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OH

COOCH,COOCsH11(3)

OCgH /7
NHSOZ—© OCgHj7
NHSOz@

CgH;7(t)
OCH:3 //N
j N J@—coocnzcoocmg(n)
>—&\ @OCHg,
OCgH1i7

<

H—- CH—NHSOy NHSO;
CH3
N
V4
OCHj3 N\ COOCH»COQO({CH>)>CH(CH3)»
@ N
O
/

OCgH17(n)
NHSOQ‘@

CgH7(n)

CgHyq(t)
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COOC2H>5 (D-32)

CH30 cocncorm@

CH3 CH3 (D-33)
C12H250COCHO0C COOCHCOOC]QH;S

@— NHCOCHCONH@

COOCy2H;35(n) | (D-34)

(CH3)3CCOCHC0NH@

(D-35)
CONH©
OC14H29(n)

OCHZ
N
/
N COOCHCOOCsHg(n)
N\
N
OH (D-36)
NHCOC;3;H7
(t)YCsH, 1@ OCH,CONH
O

S=—CHCO,CHj3

l
CHj3
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-continued

NHCOC;3F;
()CsHy: OCH,;CONH

(t)CsHi HO

(D-37)

HO CONHC3H7
S
J.\
N'— CH> OCH3
N = N
CaH1700C COOCgH 17 (D-38)
@—NHCO—CH—CONH

O

COOCgH; 7 COOCgH 17
N02 0CH3

N—N
| >—S—CH2 O
N—N OR

CO2C12Hzs (D-39)
(CH3);CCOCHCONH
O
N-—N
cngzlqcos f
C>Hs N-—N
|
CH,CO»Cs3H-
NO>
(D-40)
OCH3 i Q
OCH3 CO,CH>CO-2CsH11(1)
OCieHz3
NHSO-
CH3
Note that in the formulas (D-3), (D4), (D-6) and These couplers of the present invention can be syn-

(D-40), the mark “{” means that the substituent con- thesized by the methods described in, e.g., JP-A-54-
nects to 3- or 6-position of the benzotnazoiyl. 145135, JP-A-63-37346, JP-A-56-114946, JP-A-57-
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154234, JP-A-58-162949, JP-A-63-37350, JP-A-57-
151944, JP-A-58-205150, JP-A-60-218645, U.S. Pat.
Nos. 4,618,571 and 4,770,982, JP-A-63-284159, JP-A-
60-203943, and JP-A-63-23152.

To obtain a satisfactory interlayer effect from an
interlayer effect-imparting layer (containing tabular
silver halide grains having dislocation lines) in the light-
sensitive material, these couplers of the present inven-
tion are used in an amount of 30 mole % or more, pref-
erably 50 mole % to 100 mole % with respect to the
total amount of all couplers used in the interlayer effect-
imparting layer. The addition amount of the couplers is
1X10—6 to 1X10—2 mole/m?2, preferably 5x10—5 to
1 X 10—3 mole/m?2.

The couplers of the present invention can be added in
the same manner as ordinary couplers as will be de-
scribed later.

Techniques and inorganic and organic materials us-

able in the color photographic light-sensitive material of

10

15

the present invention are described in the portions of g

EP 436,938A2 described below, as well as the patents

cited below.

1. Layer arrangements: page 146, line 34 to page 147,
line 25

2. Silver halide emulsions: page 147, line 26 to page 148,
line 12

3. Yellow couplers: page 137, line 35 to page 146, line
33, and page 149, lines 21 to 23

4. Magenta couplers: page 149, lines 24 to 28; EP
421,453A1, page 3, line 5 to page 25, line 55

5. Cyan couplers: page 149, lines 29 to 33; EP
432,804A2, page 3, line 28 to page 40, line 2

6. Polymer couplers: page 149, lines 34 to 38; EP
435,334A2, page 113, line 39 to page 123, line 37

7. Colored couplers: page 53, line 42 to page 137, line
34, and page 149, lines 39 to 45

8. Other functional couplers: page 7, line 1 to page 53,
line 41, and page 149, line 46 to page 150, line 3; EP
435,334A2, page 3, line 1 to page 29, line 50

9. Antiseptic and mildewproofing agents: page 150,
lines 25 to 28

10. Formalin scavengers: page 149, lines 15 to 17

11. Other additives: page 153, lines 38 to 47; EP
421,453A1, page 75, line 21 to page 84, line 56, and
page 27, line 40 to page 37, line 40

12. Dispersion methods: page 150, lines 4 to 24

13. Supports: page 150, lines 32 to 34

14. Thickness and physical properties of film: page 150,
Iines 35 to 49

15. Color development process: page 150, line 50 to
page 151, line 47 ~

16. Desilvering process: page 151, line 48 to page 152,
line 53

17. Automatic developing machine: page 152, line 54 to
page 1353, line 2

18. Washing/stabilizing process: page 153, lines 3 to 37

EXAMPLE 1

(1) Preparation of Emulsions

Emulsion A (Tabular Grains Having No Dislocation
Lines: A Comparative Emulsion)

4.8 g of potassium bromide and 7.0 g of low molecu-
lar weight gelatin disclosed in JP-A-1-158426 were
dissolved 1n 1 hiter of distilled water to make a solution.
While maintaining the temperature of the solution at 50°
C., 25 cc of 2M silver nitrate aqueous solution contain-
ing gelatin, and 25 cc of 2M potassium bromide aqueous
solution containing gelatin were added to the above
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solution over 1 minute by the double jet method. Then,
the temperature was increased to 70° C., and 300 cc of
10 wt % gelatin aqueous solution was added.

Then, 30 cc of 1M silver nitrate aqueous solution was
added to the solution over 5 minutes, and then 10 cc of
25 wt 9% ammonia water was added, and the mixture
was subjected to ripening at 70° C. After ripening, the
ammonia was neutralized. While maintaining pBr at 2.1,
1M silver nitrate aqueous solution and 1M potassium
bromide aqueous solution were added at an accelerating
flow rate (the flow rate at the end was 5 times as high as
that of the beginning) by the double jet. (The amount of
silver nitrate aqueous solution used was 600 cc.) The
emulsion thus prepared was desalted and washed with
water by the general flocculation method, and gelatin
was added, thereby obtaining a seed emulsion AX made
of tabular silver bromide grains. The amount of the seed
emulsion AX obtained was 800 g.

Next, to 250 g of the seed emulsion AX were added
800 cc of distilled water, 30 g of gelatin, and 6.5 g of
potassium bromide. The mixture was heated to a tem-
perature of 75° C. and stirred, to which 1M silver nitrate
aqueous solution and 1M potassium halide aqueous
solution (a mixture of 94 mole % potassium bromide
and 6 mole % potassium iodide) were added by the
double jet at an accelerating flow rate (the flow rate at
the end was 3 times as high as that of the beginning),
while maintaining pBr at 1.7. (The amount of silver
nitrate aqueous solution used was 500 cc.) The tempera-
ture was decreased to 50° C., and 1M silver nitrate
aqueous solution and 1M potassium bromide aqueous
solution were added by the double jet at a constant flow
rate, while maintaining pBr at 1.8. (The amount of silver
nitrate aqueous solution used was 300 cc.) The emulsion
thus prepared was desalted and washed with water as
for the seed emulsion AX, gelatin was added, and the
pH was adjusted to 6.5, thereby obtaining an emulsion
A.

The emulsion A was a tabular silver iodobromide
emulsion having a silver iodide content of 3 mole %,
and the grains having an aspect ratio of 3.0 or more
occupy 50% or more of the total projected area. The
average grain size (equivalent-sphere diameter) was
0.92 um, with a variation coefficient of 19%.

Emulsion B (Tabular Grains Having No Dislocation
Lines: A Comparative Emulsion)

4.8 g of potassium bromide and 5.0 g of low molecu-
lar weight gelatin used in the preparation of the emul-
sion A were dissolved into 1 liter of distilled water to
make a solution. While maintaining the temperature of
the solution at 40° C., 30 cc of 2M silver nitrate aqueous
solution containing gelatin, and 30 cc of 2M pottasium
bromide aqueous solution containing gelatin were
added over 1 minute by the double jet method. Then,
the temperature was increased to 70° C., and 300 cc of
10 wt % gelatin solution was added. Next, 30 cc of IM
silver nitrate aqueous solution was added over 5 min-
utes, and 8 cc of 25 wt % ammonia water was further
added. The mixture was subjected to ripening at 70° C.
After ripening, the ammonia was neutralized. Then,
grains are grown 1n a similar manner to the seed emul-
sion AX. The emulsion thus prepared was desalted and
washed with water by the flocculation method, thereby
obtaining a seed emulsion BX made of tabular silver
bromide grains. The amount of the seed emulsion BX
obtained was 800 g.
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Next, to 250 g of the seed emulsion BX were added
800 cc of distilled water, 30 g of gelatin, and 6.5 g of
potassium bromide. The mixture was heated to a tem-
perature of 75° C. and stirred, to which 1M silver nitrate
aqueous solution and 1M potassium halide aqueous
solution (a mixture of 90 mole % potassium bromide
and 10 mole % potassium iodide) were added by the
double jet at an accelerating flow rate (the flow rate at
the end was 3 times as high as that of the beginning),
while maintaining pBr at 1.7. (The amount of silver
nitrate aqueous solution used was 500 cc.) Then, the
temperature was decreased to 5S0° C., and 1M silver
nitrate aqueous solution and 1M potassium bromide
agqueous solution were added by the double jet at a
constant flow rate, while maintaining pBr at 1.8. (The
amount of silver nitrate aqueous solution used was 300
cc.) The emulsion thus prepared was desalted and
washed with water, gelatin was added, and the pH was
adjusted to 6.5, thereby obtaining an emulsion B.

The emulsion B was a tabular silver iodobromide
emulsion having a silver iodide content of 5 mole %,
and the grains having an aspect ratio of 5.0 or more
occupy 40% or more of the total projecied area. The
average grain size (equivalent-sphere diameter) was
0.76 um, with a variation coefficient of 20%.

Emulsion C (Tabular Grains Having Dislocation
Lines: An Emulsion of the Present Invention)

To 250 g of seed emulsion BX were added 800 cc of
distilled water, 30 g of gelatin, and 6.5 g of potassium
bromide. The mixture was heated to a temperature of
75° C. and stirred, to which 1M silver nitrate aqueous
solution and 1M potassium halide aqueous solution (a
mixture of 94 mole % potassium bromide and 6 mole %
potassium iodide) were added by the double jet at an
accelerating flow rate (the flow rate at the end was 3
times as high as that of the beginning), while maintain-
ing pBr at 1.7. (The amount of silver nitrate aqueous
solution used was 500 cc.) Then, the temperature was
decreased to 50° C., and 35 cc of 1M silver nitrate aque-
ous solution and 125 cc of 0.2M potassium iodide aque-
ous solution were added by the double jet at a constant
flow rate over five minutes. Further, 265 cc of 1M silver
nitrate aqueous solution and 265 cc of 1M potassium
bromide aqueous solution were added by the double jet
at a constant flow rate. The emuision thus prepared was
desalted and washed with water, gelatin was added as
for emulsion A, and the pH of the resultant was adjusted
to 6.5, thereby obtaining an emulision C.

The emulsion C was a tabular silver iodobromide
emulsion having a silver iodide content of 5.4 mole %,
and the grains having an aspect ratio of 5.0 or more
occupy 40% or more of the total projected area. The
average grain size (equivalent-sphere diameter) was
0.76 um, with a variation coefficient of 19%.

Emulsion D (Octahedral Grains: A Comparative
Emulsion)

One liter of aqueous gelatin solution containing 0.012
mole of potassium bromide and 1.0 mole of ammonia
was maintained at 70° C., and while stirring the solu-
tion, 500 cc of an aqueous solution containing 0.27 mole
of silver nitrate, and 500 cc of an aqueous solution con-
taining 0.24 mole of potassium bromide and 0.043 mole
of potassium iodide were added by the double jet over
35 minutes. During the addition, the potential of silver
was adjusted to maintain —5 mV with respect to the
saturated calomel electrode. Thereafter, the ammonia
was neutralized with an acid, and 500 cc of an aqueous
solution containing 0.62 mole of silver nitrate, and 500
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cc of an aqueous solution containing 0.72 mole of potas-
sium bromide and 0.002 mole of potassium 10dide were
added by the double jet over 40 minutes. During the
addition, the potential of silver was adjusted to maintain
—5 mV with respect to the saturated calomel electrode.
The emulsion thus obtained was desalted and washed
with water as for the emulsion A, and the pH was ad-
justed to 6.5, thereby obtaining an emulsion D.

The emulsion D was a monodisperse octahedral sil-
ver 1odobromide emulsion having a core/shell structure
and a silver iodide content of 5.1 mole %, and the aver-
age grain size (equivalent-sphere diameter) was 0.88
um, with a variation coefficient of 12%.

Emulsion E (Twin Grains Having a Low Aspect
Ratio: A Comparative Emulsion)

20 g of 1nert gelatin, 3.2 g of potassium bromide, and
0.98 g of potassium iodide were dissolved into 800 of
distilled water to make a solution. While stirring the
solution at 50° C., 150 cc of an aqueous solution contain-
ing 5 g of silver nitrate was instantaneously added. Fur-
ther, after an excessive amount of potassium bromide
and ammonia aqueous solution were added, the mixture
was subjected to physical ripening for 15 minutes.
Then, the ammonia was neutralized, and the tempera-
ture of the solution was decreased to 65° C. Then, ac-
cording to the method disclosed in U.S. Pat. No.
4,242 455, 0.2 mole/liter, 0.67 mole/liter, and 2 mole/-
liter of silver nitrate and potassium halide (mixture of 80
mole % potassium bromide and 20 mole % of potassium
iodide) were added each at a flow rate of 10 cc per
minute to grow silver iodobromide grains having a
silver iodide content of 20 mole %. The emulsion thus
prepared was desalted and washed with water as for the
emulsion A, thereby obtaining seed emulsion EX. The
amount of the seed emulsion EX obtained was 900 g.

Next, to 250 g of the seed emulsion EX were added
850 cc of distilled water, and 300 cc of 109 potassium

bromide aqueous solution, and the mixture was heated
to a temperature of 75° C. and stirred, to which one liter
of an agueous solution of 144 g of silver nitrate and one
liter of an aqueous solution of 108 g of potassium bro-
mide were simultaneously added over 65 minutes. After
the seed emulsion EX was grown without causing re-
nucleation of the emulsion EX, the emulsion was de-
salted and washed with water, and gelatin was added,
and the pH was adjusted to 6.5, thereby obtaining an
emulsion E.

The emulsion E was a twin crystal grain silver 1odo-
bromide emulsion having a silver iodide content of 5.6
mole %. The average grain size (equivalent-sphere di-
ameter) was 0.83 um, with a varnation coefficient of
27%. The grains having an aspect ratio of 3.0 or more
occupy 20% or less of the total projected area.

The emulsions A to E were observed by a 200 KV
transmission electron microscope at a liquid mirogen
temperature, and no dislocation lines were found in
substantially any of the grains of the emulsions A and B.
In the emulsion C, many dislocation lines were found in
the entire peripheral region of each tabular gramn. As
regards the emulsions D and E, the grains were too
thick for electron beams to transmit therethrough, and
therefore the presence of dislocation lines could not be
confirmed.

In the emulsion C, the exact number of dislocation
lines could not be obtained, but there were obviously 20
or more dislocation lines present per graim.

The characteristics of the emulsions A to E are sum-
marized in Table 1 below.
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TABLE 1
— Characters — —
Grain size  Varia-
(equivalent- tion Silver

Emulsion Grain sphere) CO- iodide dislocation
No. shape Aspect ratio*! JLm ffictent  content lines
Emulsion A  tabular grains having a 0.92 um 19% 3.0mole % ca. 0
(comparative) ratio of 5.0 or more

occupy 50% or more
Emulsion B tabular grains having a 0.76 pm 20% 5.0 mole % ca.
(comparative) ratio of 5.0 or more

occupy 40% or more
Emulsion C  tabular grains having a 0.76 pm 199% 5S4 mole % 20 or more
(invention) ratio of 5.0 or more

occupy 40% or more
Emulsion D  octahedral 1 0.90 pm 129 5.1 mole %  presence, or
(comparative) absence,

not detected

Emulsion E  twin grains having a 0.83 um 27% 5.6 mole %  presence, or

absence,
not detected

ratio of 3.0 or more
occupy 20% or more

(comparative)

Aspect ratio: amount of grains having the indicated aspect ratio value with respect to the total projected area of all the grains

To each of the above 5 emulsions (emulsions A to E),
spectral sensitizing dyes SO-1, SO-2, and SO-3 indi-

about the highest value of sensitivity upon 1/100 second
exposure after the chemical sensitization.

" Y oremten
Cl
(CH;_);SO;@ (CH2)3503H'N(CzH5)3
C2H5 CHj; S0-2
‘ e ertcns{_
. CHj3
(CH2)35039 (CH2)4503K
o (l:sz SO-3
CH=(C—
$/>, C—CH
1
(CH2)4S0;5© CoHls
TABLE 2
Amount of sensitizing dye added*
Emulsion Emulsion (mole/Ag mole)
No. used S0O-1 SO-2 SO-3
A-1 emulsion 3.90 x 10—4 040 x 10—4  1.11 x 10—4¢
(comparative) A |
B-1 emulsion 4.64 X 10—4 048 X 10—% 132 x 10—4
(comparative) B
C-1 emulsion 4.64 x 10—4 0.48 x 10—4 1.32 X 10—4
(invention) C
D-1 emulsion 2.92 X 10—4 030 X 104 0.83 x 10—4
(comparative) D
E-1 emulsion 3.71 x 10—4 0.38 X 10—%  1.06 X 10—%
(comparative) D

*expressed in amount added (mole) per mole of silver

cated below were added in amounts specified in Table 2
below. Each mixture was heated to 62° C., and held at
that temperature for 20 minutes. Then, each emulsion
was subjected to optimal chemical sensitization at 62°
C. and pH of 6.5 by using sodium thiosulfate, chloroau- 65
ric acid, and potassium thiocyanate, thereby obtaining
emulsions A-1 to E-1. Here, the optimal chemical sensi-
tization means a chemical sensitization which brings

(2) Preparation of Coating Samples

The 5 emulsions (emulsion A-1, B-1, C-1, D-1, and
E-1), chemically sensitized as above, were each coated
on a triacetylcellurose film support provided with a
subbing layer, and a protective layer was further
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formed on the emulsion layer, under the following coat-
ing condition I, thereby preparing color samples 1 to 5.
Likewise, an emulsion layer and a protective layer were
coated under the following coating condition II,
thereby preparing color samples 6 to 10.

The composition of each of the color samples 1 to 10
will be listed in the following Table 3.

EMULSION COATING CONDITION I

Emulsion Layer

Emuision: A-1, B-1, C-1, D)-1, or E-1
Coupler: Magenta Coupler MC-1
represented by the following formula

(silver 0.45 g/m?)
(7.4 X 10—4% mole/m?)

(0.52 g/m?)

Trcresyl phosphate
Gelatin (2.0 g/m?)
Protective Layer
2,4dichloro-6-hydroxy-S-triazine sodium  (0.08 g/m?)
salt
Gelatin (1.8 g/m?)
MC1
CH3 Cl
/4
N
N NH OCgHj17
\
N =
NHSO, OCgH;7(n)
CH;3
NHSO,
CsHﬂ(t)

EMULSION COATING CONDITION I1I

The same as the emulsion coating condition I except
that the coupler MC-1 in the emulsion layer was re-
placed with an equimolar amount of exemplified cou-
pler D-31 of the mmvention.

(3) EVALUATION

The samples 1 to 12 were allowed to stand at a tem-
perature of 40° C. and a relative humidity of 70% for 14
hours. The samples were then exposed for 1/100 second
through a 4800° K.. color-temperature conversion filter,
an SC-50 Fuji filter (yelow filter) which transmits light
having a wavelength longer than 500 nm, and a continu-
ous wedge. Thereafter, a color development process
was carried out on each sample.

Development Process

Steps Time Temperature
Color Development 2 min Q0 sec 40° C.
Bleach-Fixing 3 min 00 sec 40° C.
Water washing (1) 20 sec 35° C.
Water washing (2) 20 sec 35° C.
Stabilization 20 sec 35° C.
Drying 50 sec 65° C.

The compositions of the respective processing solu-
tions were as follows:

(unit: g)
(Color Developing Solution)
Diethylenetriaminepentaacetic acid 2.0
1-hydroxyethylidene-1,1-diphosphonic acid 3.0
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-continued
{unit: g)
Sodium sulfite 4.0
Potassium carbonate 30.0
Potassium bromide 1.4
Potassium 1odide 1.5 mg
Hydroxyamine sulfate 2.4
4-[N-ethyl-N-8-hydroxyethylaminol- 4.5
2-methylaniline sulfate
Water to make 1.0 liter
pH 10.05
(Bleach-fixing solution)
Ammonium ferric ethylenediaminetetraacetate 90.0
dthydrate
Disodium ethylenediaminetetraacetate 5.0
dihydrate
Sodium sulfite i2.0
Ammonium thiosulfate aqueous solution (70%) 260.0 ml
Acetic acid (98%) 3.0 ml
Bleaching accelerator 0.01 mole
(CH3)»NCH>;CH»S-—-SCH>CH,;N(CH3)2.2HCI)
Water to make 1.0 liter

(Water-washing solution)

Tap water was passed through a mixed-bed column
filled with H-type strongly acdic cation-exchange resin
(Amberlite IR-120B available from Rohm and Haas,
Co.) and OH-type anion-exchange resin (Amberlite
IR-400), whereby the calcium and magnesium ion con-
centration of the water was reduced to 3 mg/liter or
less. Further, 20 mg/liter of sodium isocyanurate di-
chloride and 1.5 g/liter of sodium nitrate were added.
The solution had a pH in a range of 6.5-7.5.

(Stabilizing Solution) (unit: g)
Formalin (37%) 2.0 ml
Polyoxyethylene-p-monononyiphenyl 0.3
ether (average polymerization degree: 10)

Disodium ethylenediaminetetraacetate 0.05
Water to make 1.0 liter
pH 3.0-8.0

Using a green filter, the transmission density of each
processed sample was measured, and a fog, a sensitivity
and a contrast were determined.

The sensitivity of each sample 1s represented by a
relative value of a reciprocal of an exposure amount
(lux.sec) which gives a density of fog-+0.2.

The contrast i1s represented by the relative value of a
reciprocal of the value obtained by subtracting the loga-
rithm of an exposure amount which gives a density of
fog+1.2 from the logarithm of an exposure amount
which gives a density of fog+0.2.

Further, in order to determine changes in propriety
of the samples when the DIR coupler D-31 of the inven-
tion, which releases a diffusing development inhibitor,
was used, rates of changes in sensitivity and contrast for
the samples using the coupler D-31 were calculated
with respect to the sensitivity and contrast of the sam-
ples using the coupler MC-1 alone.

The results were as shown in Table 3 below. As can
be seen from the Table 3, the sensitivity and contrast
were always lowered when the coupler MC-1 was re-
placed with the diffusing development inhibitor-releas-
ing coupler D-31. However, the sample 8, in which the
emulision of the mmvention was used, had a smaller de-
gree of lowering of the sensitivity and contrast than
when other emulsions were used, indicating that disad-

vantages resulting from the use of the coupler D-31
were significantly remedied.
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TABLE 3
Rate of change when
Sample contents Photographic MC-1 was replaced
Coupler*! performances _ with D-31
Emulsion Compound Senst- Sensi-
Sample No. No. MC D-31 Fog tivity*2 Contrast*? tivity Contrast
1 A-1 o 4 0.15 100 1.00
(comparative
example)
2 B-1 o X 0.10 71 1.05
(comparative |
example)
3 C-1 0 ) 0.12 100 1.03
(comparative
example)
4 D-1 o X 0.14 100 0.97
(comparative
example)
5 E-1 o X 0.12 100 0.88
(comparative
example)
6 A-] X © 0.10 47 0.43 0.47 043 .
(comparative
example)
7 B-1 X 0 0.08 36 0.50 0.51 0.48
(comparative
example)
8 C-1 X 0 0.09 62 0.67 0.62 0.65
(present
invention)
9 : D-1 X 0 0.10 45 0.41 0.45 0.42
(comparative
example)
10 E-1 X 0 0.09 50 0.45 0.50 0.51
(comparative
example)

*l o jndicates presence, x indicates absence
*2Expressed by relative value with respect to 100 of sensitivity of sample 1
*3Expressed by relative value with respect to 1.00 of contrast of sample 1

EXAMPLE 2

(1) Preparation of Emulsions

Emulsion F (Tabular Grains Having No Dislocation
Lines: A Comparative Emulsion)

While one liter of aqueous solution containing 10.5 g
of gelatin and 3.0 g of potassium bromide was main-
tained at 60° C. and stirred, a silver nitrate aqueous
solution (AgNO3 7.3 g), and a halide aqueous solution
(KBr 5.1 g, K1 0.31 g) were added over one minute by
the double jet method. After addition of 21.5 g of gela-
tin, the temperature was raised to 75° C. Then, a stlver
nitrate aqueous solution (AgNO3 136.3 g) and a halide
aqueous solution (containing 4.4 mole % of KI with
respect to KBr) were added by the double jet method
over 51 minutes with an accelerated flow rate. During
the period, the silver potential was kept at 0 mV with
respect to the saturated calomel electrode. Thereafter,
the temperature was decreased to 40° C., and a silver
nitrate aqueous solution (AgNO3 28.6 g) and a potas-
stum bromide aqueous solution were added by the dou-
ble jet method over 5.35 minutes. During the addition
period, the silver potential was kept at —50 mV with
respect to the saturated calomel electrode. An emulsion
thus obtained was desalted and washed with water by
the conventional flocculation method, gelatin was fur-
ther added, and the pH was adjusted to 6.5, thereby
obtaining an emulsion F.

The emulsion F was a tabular silver iodobromide
grain emulsion having an average equivalent-circle
diameter of 1.31 um, and an average thickness of 0.22
pm, and the grains having an aspect ratio of 5.0 or more
occupy 50% or more of the total projected area. The

40

average grain size (equivalent-sphere diameter) was
0.33 pm.

Emulsion G (Tabular Grains Having Dislocation
Lines: An Emulsion of the Invention) .

While one liter of an aqueous solution containing 10.5
g of gelatin and 3.0 g of potassium 10dide was heated to
60° C., and stirred, a silver nitrate aqueous solution
(AgNO3 7.3 g), and a halide aqueous solution (KBr 3.1
g, K1 0.31 g) were added over one minute by the double

45 jet method. After addition of 21.5 g of gelatin, the tem-
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perature was raised to 75° C. Then, a silver nitrate aque-
ous solution (AgNOj3 136.3 g) and a halide aqueous
solution (containing 4.4 mole % of KI with respect to
KBr) were added by the double jet method over 51
minutes with an accelerated flow rate. During the per-
10d, the silver potential was kept at 0 mV with respect
to the saturated calomel electrode. Thereafter, the tem-
perature was decreased to 40° C., and a silver nitrate
aqueous solution (AgNO3 3.2 g) and a potassium aque-
ous 10odide solution (K1 2.4 g) were added by the double
jet method over 5 minutes. Then, a silver nitrate aque-
ous solution (AgNO3 25.4 g) and a potassium bromide
aqueous solution were added over 5.35 minutes by the
double jet method. During the addition period, the
silver potential was kept at — 50 mV with respect to the
saturated calomel electrode. From the flocculation step
on, the same treatment was conducted as for the emul-
sion F, thereby obtaining an emulsion G.

The emulsion G was a tabular silver iodobromide
grain emulsion having an average equivalent-circle
diameter of 1.26 um, and an average thickness of 0.24
pm, and the grains having an aspect ratio of 5.0 or more
occupy 40% or more of the total projected area. The
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average grain size {equivalent-sphere diameter) was
0.83 pm.

The emuisions ¥ and G were observed by a 200 KV
transmission electron microscope as in Example 1. No
dislocation lines were found in substantially any of the
grains of the emulsion F, whereas in the emulsion G,
many dislocation lines were found in the entire periph-
eral region of each tabular grain. In the emulsion G, the
exact number of dislocation lines could not be obtained,
but there were obviously 20 or more dislocation lines
present per grain.

Next, to each of the emulsions F and G, spectral
sensitization dyes SP-1, SP-2, and SP-3 indicated below
were added in amounts of 3.3 X 10—4 mole, 1.0 X105,
and 1.6 X 10—4, respectively. Each mixture was heated
to 64° C., and held at that temperature for 20 minutes,
while being stirred. Then, each emulsion was subjected
to 0ptimal chemical sensitization at 64° C. and pH of 5.8
by using sodium thiosuifate, chloroauric acid, potassmm
thiocyanate, and triphenylphosphineselenide, thereby
obtaining emulsions F-1 and G-1. Here, the amount of
triphenylphosPhineselenide used for each of the emul-
sions F and G, was } of that of sodium thiosulfate in

mole.
, CgHs SP-1
>— CH= C— CH=<
Ci
CH SO,©
(CH2)3503 / \
(CH>)3SO3HN
C2H5 S SP-2
}—catmlcai={ ‘
N
(CH:z)3503e |
(CH32)3SO3H-N(C2Hs)3
S (I:ZHS o SP-3
CH=C—CH
@‘>— ‘
Cl 1?7 N
(CH2)4S03°©
(CH$)3SO3Na

(2) Preparation of Coated Samples

(Preparation of Samples 11 and 12)

The emulsions F-1 and G-1 were each coated on a
subbed triacetylcellurose film support to form an emul-
sion layer, and a protective layer was formed on the
emulsion layer, under the following coating condition
I11, thereby obtaining samples 11 and 12.

Emulsion Coating Condition III:

Emulsion Layer
(silver 0.96 g/m?)

Emulston: F-1 (sampie 11), or G-1

(sample 12)

Coupler: Cyan coupler CC-! indicated (9.2 X 10—4 mole/m?)
below

Tricresylphosphate (0.52 g/m?)
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-continued
Gelatin (2.0 g/m?)
Protective Layer
2,4-dichloro-6-hydroxy-S-triazine sodium  (0.08 g/m?)
salt
Gelatin (1.8 g/m?)
CC-1
OH

: : _CONH(CH3)30C12H35(n)

(1YC4HoCNH

|
O

(Preparation of samples 13 and 14)

Samples 13 and 14 were prepared by the same proce-
dures as for the samples 11 and 12 except that the cou-
0 pler CC-1 was replaced with a mixture of 70 mole % of
CC-1, and 30 mole % of exemplified coupler D-9 of the
present invention. (The total amount of the couplers n
each emulsion was the same in mole as that of the sam-
ple 11 or 12.)

(Preparation of samples 15 and 16)

Samples 15 and 16 were prepared by the same proce-
dures as for the samples 11 and 12 except that the cou-
pler CC-1 was replaced with a mixture of 50 mole % of
CC-1, and 50 mole % of exemplified coupler D-36 of
the present invention. (The total amount of the couplers
in each emulsion was the same in mole as that of the
sample 11 or 12.)

(Preparation of samples 17 and 18)

Samples 17 and 18 were prepared by the same proce-
dures as for the samples 11 and 12 except that the cou-
pler CC-1 was replaced with a mixture of 30 mole % of
CC-1, and 70 mole % of exemplified coupler D-20 of
the present imnvention. (The total amount of the couplers
in each emulsion was the same in mole as that of the
sample 11 or 12.)

The contents of each of the samples 11-18 were as
Iisted in Table 4 below.

(3) Evaluation

As in Example 1, the samples 11-18 were allowed to
stand at a temperature of 40° C. and a relative humidity
of 70% for 14 hours, and then exposed for 1/100 second
through a 4800° K. color-temperature conversion filter,
an SC-62 Fuji filter (red filter) which transmits the light
having a wavelength longer than 620 nm, and a continu-
ous wedge. Further, a color development was carried
out as in Example 1 on each sample.

Using a red filter, the transmission density of each of
the processed samples was measured, and a fog, sensi-
trvity and contrast were determined. The sensitivity and
contrast were obtained by the same method as in Exam-
ple 1.

Further, as in Example 1, rates of changes 1n sensitiv-
ity and contrast were calculated for the samples using
the mixture of CC-1 and D-9, the mixture of CC-1 and
D-36, or the mixture of CC-1 and D-20 with respect to
the samples using the coupler CC-1 alone.

The results were as shown in Table 4 below. As can
be seen from the Table 4, when the couplers D-9, D-36,
and D-20 were used, the samples of the present inven-
tion, which use tabular silver halide emulsion having 20
or more dislocation lines, exhibited a smaller degree of
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lowering of the sensitivity and contrast than the samples
using emulsions having few dislocation lines.

52

The emulsion H was a tabular silver iodobromide
emulston having an average equivalent-circle diameter

TABLE 4
Rate of
change with
o Sample contents . Photographic respect to
Emulsion performances 100 mole % of
Emul- Dis- _ _Coupler (mole %) . Sensi- of CC-1
ston  location Compound Compound Compound tivii Cont- Semsi-  Con-
Sample No. No. line CC-1 D-9 D-36 D-20 Fog ty*! rast*? tivity trast
11 F-1 ca. 0 100 0.16 100 1.00
(comparative mole %
example)
12 G-1 20 or 100 0.16 151 0.98
(comparative more mole %
example)
13 F-1 ca. 0 70 30 mole % 0.15 58 0.35 0.58 0.35
(comparative mole %
exampie)
14 G-1 20 or 70 30 mole % 0.15 119 0.49 0.79 0.50
(Present more mole %
invention)
15 F-1 ca. 0 50 50 mole % 0.15 48 0.31 0.48 0.31
(comparative mole %
example)
16 G-1 20 or 50 50 mole % 0.15 107 0.46 0.71 0.47
(present more mole %
invention)
17 F-1 ca. 0 30 70 mole % 0.15 50 0.28 0.50 0.28
(comparative mole %
example)
18 G-1 20 or 30 70 mole % 0.15 112 0.40 0.74 0.41
(present more mole %
invention)

*lexpressed by relative value with respect to 100 of sensitivity of sample 11
*2expressed by relative value with respect to 1.00 of contrast of sample 11

EXAMPLE 3

(1) Preparation of Emulsions

Emulsion H (Tabular Grains Having No Dislocation
Lines: A Comparative Emulsion)

While one liter of an aqueous solution containing 10.5
g of gelatin and 4.0 g of potassium bromide was main-
tained at 35° C., and stirred well, a silver nitrate aqueous
solution (AgNO3 8.3 g), and a halide aqueous solution
(KBr 5.54 g, KI 0.37 g) were added over 30 minutes by
the double jet method. After addition of 21.5 g of gela-
tin, the temperature was raised to 63° C. Then, a silver
nitrate aqueous solution was added, and the silver po-
tential was adjusted to —20 mV with respect to the
saturated calomel electrode. Further, 3 cc of 25-weight
% ammonia water was added, and the mixture was
subjected to ripening at 63° C. After the ripening, the
ammonia was neutralized, and a silver nitrate aqueous
solution (AgNO3 136.3 g) and a halide aqueous solution
(contaming 4.4 mole % of K1 with respect to KBr) were
added by the double jet method over 51 minutes with an
accelerated flow rate. During the addition period, for
the first 46 minutes, the silver potential was kept at —20
mYV with respect to the saturated calomel electrode, and
then adjusted to O mV for the rest of the time. Then, the
temperature was decreased to 40° C., and a silver nitrate
aqueous solution (AgNO3 28.6 g) and a potassium bro-
mide aqueous solution were added by the double jet
method over 6 minutes. During the addition period, the
silver potential was kept at —40 mV with respect to the
saturated calomel electrode. An emulsion thus obtained
was desalted and washed with water by the conven-
tional flocculation method, gelatin was added, and the

pH was adjusted to 6.5, thereby obtaining an emulsion
H.
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of 0.76 pm, and an average thickness of 0.19 um, and
the grains having an aspect ratio of 3.0 or more occupy
350% or more of the total projected area. The average
grain size (equivalent-sphere diameter) was 0.56 pm.

Emulsion I (Tabular Grains Having Dislocation
Lines: An Emulsion of the Invention)

The steps up to the neutralization of the ammonia
solution after the ammonia ripening at 63° C. were the
same as those for the emulsion H. Then, a silver nitrate
aqueous solution (AgNO3 136.3 g) and a halide aqueous
solution (containing 4.2 mole % of KI with respect to
KBr) were added by the double jet method over 51
minutes with an accelerated flow rate. During the addi-
tion period, for the first 46 minutes, the silver potential
was kept at —20 mV with respect to the saturated calo-
mel electrode, and then adjusted to O mV for the rest of
the time. Then, the temperature was decreased to 40°
C., and a silver nitrate aqueous solution (AgNO3 3.6 g)
and a potassium 10dide aqueous solution (KI 2.7 g) were
added over 5 minutes. Then, a silver nitrate aqueous
solution (AgNQO3 25.0 g) and a potassium bromide aque-
ous solution were added by the double jet method over
5.35 minutes. During the addition period, the silver
potential was kept at —40 mV with respect to the satu-
rated calomel electrode. An emulsion thus obtained was
desalted and washed with water by the conventional
flocculation method, gelatin was added, and the pH was
adjusted to 6.5, thereby obtaining an emulsion 1.

The emulsion I was a tabular silver iodobromide
emulsion having an average equivalent-circle diameter
of 0.75 pm, and an average thickness of 0.20 um, and
the grains having an aspect ratio of 3.0 or more occupy
50% or more of the total projected area. The average
grain size (equivalent-sphere diameter) was 0.56 um.
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The emulsions H and I were observed by a transmis-
sion electron microscope as in Example 1. No disloca-
tion lines were found in substantially any of the grains of
the emulsion H, whereas in the emulsion I, many dislo-
cation lines were found in the entire peripheral region
of each tabular grain. In the emulsion I, the exact num-
ber of dislocation lines could not be obtained, but there
were obviously 20 or more dislocation lines present per
graimn.

Next, to each of the emulsions H and I, a spectral
sensitizing dye SR-1 indicated below was added in an
amount of 7.2 X 10—4mole. Each mixture was heated to
60° C., and held at that temperature for 20 minutes,
while being stirred. Then, each emulsion was subjected
to optimal chemical sensitization at 60° C., using sodium
thiosulfate, chloroauric acid, and potassium thiocya-
nate, thereby obtaining emulsions H-1 and I-1.

S S
@>_CH=<
cl N N Ql

|
(CH2)2(|3H503H'N(02H5)3

SR-1

(CH;),CHSO3 CH;j

I
CH;

(2) Preparation of Coated Samples

(Preparation of samples 19 and 20)

Each of the emulsions H-1 and I-1 was coated to form
an emulsion layer on a subbed triacetylcellurose film
support, and a protective layer was formed on the emul-
sion layer, under the following coating condition 1V,
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Gelatin (1.8 g/m?)
YC-1
COOC12Hy5(n)
CH30 CD(IZI-ICONH
N
Ox 7#-0 CI
& N
\
CrHs0 CH,

(Preparation of samples 21 and 22)

Samples 21 and 22 were prepared in the same manner
as those for the samples 19 and 20 except that the cou-
pler YC-1 was replaced with the mixture of 50 mole %
of YC-1, and 50 mole % of example compound D-8 of
the present invention. (The total amount of the couplers
in each emulsion was set to be the same in mole as that
of the sample 19 or 20.)

(3) Evaluation

As in Example 1, the samples 19 to 22 were allowed
to stand at a temperature of 40° C. and a relative humid-

ity of 70% for 14 hours, and then exposed for 1/100
second through a 4800° K. color-temperature conver-

sion filter, and a continuous wedge. Further, a color
development was carried out as in Example 1.

By use of a blue filter, the transmission density of
each of the processed samples was measured and the

35 fog, sensitivity and contrast were obtained. The sensi-
thereby obtaining samples 19 and 20. tivity and contrast were obtained by the same method as
: . i in Example 1.
Emulsion Coating Condition IV Further, as in Example 1, rates of changes in sensitiv-
ity and contrast were calculated for the samples using
Emulsion Laver 40 the mixture of YC-1 and D-8 with respect to the sam-
Emulsion: H-1 (sample 19), or I-1 (silver 0.90 g/m?) ples using the coupler YC-1 alone.
(sample 20) o » , The results were as shown in Table 3 below. As can
bC;l;ﬂer: Yellow coupler YC-1 indicated (9.8 X 10— mole/m?) be seen from the Table 5, when the DIR co}lplers ;)-3
Tricresylphosphate (0.52 g/m?) was used, the Sfamples (?f the present invention, which
Gelatin (2.0 g/m?) 45 used a tabular silver halide emulsion having 20 or more
Protective Layer dislocation lines, exhibited a smaller degree of lowering
2,4-dichloro-6-hydroxy-S-triazine sodium  (0.08 g/m?) of the sensitivity and contrast than the samples using
salt emulsions having few dislocation lines in grains.
TABLE 5
Rate of
change with
. Sample contents . _ Photographic respect to
Emulsion _performances 100 mole %
Emul- Dis- Coupler (mole %) Sensi- of YC-1
ston  location Compound tivi- Cont- Sensi- con-
Sample No.  No. line YC-1 D-8 Fog ty*!  rast*2  tivity  trast
19 H-1 ca. 0 100 mole % 0.17 100 1.00
{(comparative
example)
20 I-1 200or 100 mole % 0.18 120 1.00
(Present more
mvention)
21 H-1 ca. 0 70 mole % 30 mole % 0.15 58 0.53 0.58 0.53
(comparative
example)
22 I-1 20 or 70mole % 30mole % 0.15 85 0.70 0.71 0.70

(present

maore
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TABLE 5-continued
Rate of
change with
_Sample contents Photographic respect to
Emulsion performances 100 mole %
Emul- Dis- Coupler (mole %) Sensi- of YC-1
ston  location Compound tivi-  Cont-  Sensi- con-
Sample No.  No. line YC-1 D-8 Fog ty*!  rast*2 tivity  trast
invention)
*laxpressed by relative value with respect to 100 of sensitivity of sample 19
*Zaxpressed by relative value with respect to 1.00 of contrast of sample 19
EXAMPLE 4 -continued
. : : 3 _
(1) Preparation of Emulsions (Emulsions A-2 and C-2) =~ FAf

To the emulsions A and C, a spectral sensitization dye Cpd-6
SO-4 indicated below was added in amounts of
5.3 X 10—%mole and 6.4 X 10—4 mole, per mole of silver,

held at that temperature for 20 minutes. Then, the pH
was adjusted to 5.8, and each emulsion was subjected to 3.0)
optimal chemical sensitization using sodium thiosulfate,
chloroauric acid, potassium thiocyanate, and N,N-

and C-2. In both of the emulsions A and C, the amount 3.0)

of N,N-dimethylselenourea was 3 of that of sodium g:éa?n

thiosulfate 1n mole. ExS.2

Csz 0O
>—CH-—C-— CH=< CH;
N I
| C—C7Hs5

SO-4

CH2)28039 (CH2)4803Na gy,
_ ExS-5
(2) Preparation of Coated Samples ExS-7
(Preparation of Sample 101) 40 Eig

A multilayer color photographic light-sensitive mate- ExC-3
rial, sample 101, was prepared, which had the following ExC-4

layers, using the emulsion A-2 m layer 10. ]Eixg—z
y 4 B
Composition of Layers ExC-9

45 Layer 3: (Medium-speed red-sensitive emulsion

The amount of each of silver halides and colloidal layer)

Layer 2 (Low-speed red-sensitive layer

Silver iodobromide emulsion (Agl 4.0 mole %, uni-
. : o form Agl-type, equivalent-sphere diameter: 0.4 pm,
respectively. Each emulsion was heated to 62" C., and 20 apation coefficient of equivalent-sphere diameter:

30%, plate-like grains, and diameter/thickness ratio:

Silver iodobromide emulsion (Agl 4.0 mole %,
uniform Agl-type, equivalent-sphere diameter: 0.4 um,
variation coefficient of equivalent-sphere diameter:
dimethylselenourea, thereby obtaining emulsions A-2 25 30%, plate-like grains, and diameter/thickness ratio:

silver coated was expressed by silver amounts in unit of
g/m2. The amount of each of couplers, additives and
gelatins was expressed in unit of g/m?. The amount of

silver halide present in the same layer. The meanings of  Gelatin
the reference symbols were as follows. In the case ExS-1
where a substance has two or more effects, the most E:ig
typical one was listed. ExS-7
UV: ultraviolet ray absorber, Solv: High-boiling 55 ExC-1

point organic solvent, ExF: dye, ExS: sensitizing dye, ExC-2

ExC: cyan coupler, ExM: magenta coupler, ExY: yel- Eigj’
low coupler, Cpd: additive ExC-5
ExC-6

60 ExC-7
Layer 1: Antihalation layer ExC-8
Black colloidal silver 0.15 ExC-9
Gelatin 2 33 Layer 4: (High-speed red-sensitive emulsion layer)
ExM-2 0.11 Silver iodobromide emulsion (Agl 9.3 mole %,
UV-1 3.0 X 10—2 multiple-structure grains having a core/shell ratio of
UVv-2 6.0 X 102 5 3:4:2, Agl contents from inner side: 24, 0, and
UV-3 7.0 X 10—2 6 mole %, equivalent-sphere diameter: 0.75 um,
Solv-1 0.16 variation
Solv-2 0.10 coefficient of equivalent-sphere diameter: 23%, plate-
ExF-1 1.0 X 10—2 like grains, and diameter/thickness ratio: 2.5)

Silver iodobromide emulsion (Agl 6.0 mole %, inner
high Agl-type having a core/shell ratio of 1:2
equivalent-sphere diameter: 0.65 um, variation

.. ; coefficient of equivalent-sphere diameter: 23%, plate-
each of additives was expressed in mole per mole of 50 jixe orains, and diameter/thickness ratio: 2.0)

4.0 X 102

5.0 x 103
1.0 x 103

Amount of
coated
silver

0.35

Amount of
coated
stlver

0.18

0.77
2.4 % 10—4
1.4 x 10—4

23 x 10—4
4.1 X 10—°
9.0 X 10—2
2.0 X 10—2
4.0 X 10—2
20 X 10—2
8.0 x 103
2.0 X 10—2
1.0 X 10—2

Amount of
coated
silver

0.80

1.46
2.4 X 10—4
14 X 10—4
2.4 X 10—4
4.3 x 10—°
0.19

1.0 X 10—2
2.5 X 10—2
1.6 X 10—2
0.19

2.0 X 10—2
3.0 X 10—2
1.0 X 10—2
3.0 X 10—2

Amount of
coated

silver
1.05
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Gelatin
ExS-1
ExS-2
ExS-5
ExS.7
ExC-1
ExC-4
ExC-6
ExC-9
Solv-1
Solv-2

Layer 3: (Interlayer)

Gelatin

Cpd-1
Polyethylacrylate latex
Solv-1

Layer 6: (Low-speed green-sensitive emulsion layer)

Silver 1o0dobromide emulsion (Agl 4.0 mole %,

uniform Agl-type, equivalent-sphere diameter: 0.45 um,

variation coefficient of equivalent-sphere diameter:
15%, plate-like grains, and diameter/thickness ratio:
4.0)

Gelatin

ExS-3

ExS-4

ExS-5

ExM-1

ExM-3

Solv-1

Solv+4

Layer 7: (Medium-speed green-sensitive emulsion
ayee
Silver iodobromide emulsion (Agl 4.0 mole %, uni-
form Agi-type, equivalent-sphere diameter: 0.65 pm,
variation coefficient of equivalent-sphere diameter:
18%, tabular grains, and diameter/thickness ratio: 4.0)
Gelatin

ExS-3

ExS-4

ExS-5

ExM-1

ExM-3

ExY-]

Solv-1

Solv-4

5,399,471

1.38
2.0 X 104
1.1 X 10—%
1.9 x 10—%
14 X 10—2
8.0 X 10—2
9.0 X 10—2
2.0 X 102
1.0 x 10—2
0.20

0.53

0.62
0.13
8.0 X 10—2
8.0 X 10—2

Amount of
coated

silver
0.13

0.31
1.0 X 10—4%
3.1 X 104
6.4 X 10—4
0.12
2.1 x 10—2
0.09
7.0 X 10—3

Amount of
coated
silver

0.31

0.54

2.7 X 10—4
8.2 X 10—4
1.7 X 10—4
0.27

7.2 X 102
54 X 10—2
0.23

1.8 X 10—2

Layer 8: (High-speed green-sensitive emulsion layer)

Silver iodobromide emuision (Agl 9.8 mole %,
multiple-structure grains having a silver content ratio
of 3:4:2, Agl contents from inner side: 24, 0, and

3 mole %, equivaient-sphere diameter: Q.81 pm,
variation coefficient of equivalent-sphere diameter:
23%, multiple twin plate-like grains, and
diameter/thickness ratio: 2.5)

Gelatin
ExS-4
ExS-5
ExS-8
ExM-2
ExM-5
ExM-6
ExY-1
ExC-1
ExC4
Solv-1
Cpd-8
Lavyer 9:

Gelatin

Cpd-1

Polyethylacrylate Jatex

Solv-1

Uv4

UVv-5

Layer 10: (Donor layer of an interlayer effect to
red-sensitive layer)

Emuision A-2

nterlaver

Silver iodobromide emulsion (Agl 10.0 mole %,

inner high Agl-type grains having a core/shell ratio of

1:3, equivalent-sphere diameter: 0.40 um, variation

Amount of
coated

silver
(.49

0.61

4.3 X
8.6 X
2.8 X
1.0 X
1.0 X
3.0 X
1.5 X
0.4 X
0.5 X
0.12

1.0 X

101
103
103
10—2
10—2
10—2
10—2
10—2
102

10—2

0.56

4.0 X
5.0 X
3.0 X
3.0 X
4.0 X

10—2
10—2
10—2
10—2
10—2

Amount of
coated
silver

0.67
Amount of
coated
siiver

10

15

20

25

30

35

43

30

335

65

58

-continued

coeflicient of equivalent-sphere diameter: 15%, regular 0.20

crystal grains)
Gelatin

ExS-3

ExM-1

Solv-1

Solv-6

Layer 11: (Yellow Filter Layer)

Yellow colloidal silver

Gelatin

Cpd-2

Solv-1

Cpd-1

Cpd-6

H-1

Layer 12: (Low-speed blue-sensitive emulsion layer)

Sitver iodobromide emulsion (Agl 9.0 mole %,
multiple-structure grains, equivalent-sphere diameter:
0.70 pm, variation coefficient of equivalent-sphere

diameter: 20%, tabular grains, diameter/thickness ratio:

7.0, grains observed via 200 KV transmission electron

microscope to have 10 or more dislocation lines therein

occupy 50% or more of all grains)

Sitver 10dobromide emulsion (Agl 2.5 mole %, uni-
form Agl-type, equivalent-sphere diameter: 0.50 pum,
variation coefficient of equivalent-sphere diameter:
30%, tabular grains, and diameter/thickness ratio: 6.0)
Gelatin

ExS-6

ExC-1

ExC-2

ExY-2

ExY-5

Solv-1

Layer 13: (Interlayer)

Gelatin
ExY-4
Solv-1
Layer 14: (High-speed blue-sensitive emuision
layer)

Silver 1odobromide emulsion (Agl 10.0 mole %, inner
high Agl-type grain, equivalent-sphere diameter: 1.2
pa,

variation coefficient of equivalent-sphere diameter:
25%, multiple twin plate-like grain, and
diameter/thickness ratio: 2.0)

Gelatin

ExS-6

ExM-5

ExC-1

Solv-1

Layer 15: (First protective layer)

Fine-grain silver todobromide emulsion {Agl

2.0 mole %, uniform Agl-type, equivalent-sphere
diameter:

0.07 pm)

Gelatin

Uv-4

UV-5

Solv-5

Cpd-3

Polyethylacrylate latex

Layer 16: (Second protective layer)

Fine-grain silver iodobromide emulsion (Agl

2.0 mole %, untform Agl-type, equivalent-sphere
diameter:

0.07 pm)

Gelatin

B-1 (diameter: 2.0 um)
B-2 (diameter: 2.0 pum)
B-3

W-4

H-1

0.87
5.8 x 10—%
0.17
0.30
3.0 X 10—2

9.0 X 102
0.84
0.13
0.13
5.0 X 10—2
2.0 X 10—3
0.25

Amount of
coated

silver
0.50

Amount of
coated
stiver

0.30
2.18
9.0 x 10—4
0.03
0.08
0.05
1.0%
0.54

0.30
0.14
0.14

Amount of
coated

silver
0.40

0.59
2.6 X 10—4
0.20
1.0 X 10—2
9.0 X 10—2

Amount of
coated

stlver

0.12

0.63

0.11

0.18

2.0 X 102
0.10

9.0 X 10—2

Amount of
coated

sitiver

0.36

0.85

8.0 X 10—2
8.0 X 10—2
2.0 X 10—2
2.0 X 10—2
0.18

In the sample thus prepared, further added were 1,2-
benzisothiazolin-3-one (average of 200 ppm with re-
spect to gelatin), n-butyl-p-hydroxybenzoate (about
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1000 ppm with respect to gelatin), and 2-phenoxye-
thanol (about 10000 ppm with respect to gelatin). The
sample also contained B-4, B-5, B-6, F-1, F-2, F-3, F-4,
F-5, F-6, F-7, F-8, F-9, F-10, F-11, F-12, an iron salt, a

.

N UV-1
\
U | N CsHy()
/ @
N
(1)C4qHo
N\ OH
Oil/N T
N
(t)C4Hg
CO2CgH ;7 UV-5
(CHshLNCH=CH—CH= C\
SO,
COOCH Solv-2
COOC4Hg

Solv-5

[

fi?zﬂﬁ
(n)C4HyCHCH20——P=0

60

lead salt, a gold salt, a platinum salt, an iridium salt, and
a thodium salt.

In addition to the above substances, surface active
agens W-1, W-2, and W-3 were added to all the layers,

as a coating aid and an emulsifying dispersion agent.

N OH Uv-2
\
N
/
N
(1)C4Hg
CH3 CH3 Uuv+4
'ECHz—C%—ECHg—C%—
COzCH3
002CH2CH20C0\
C=CH CH;
/
NC
xiy = 70:30 (wt %)
Solv-1
CHj3
3
C2H5 Solv-4
(t)csﬂu—@ocrlcom
(t)CsHiy COOH
CsHj7(t) Solv-6
(n)CaHy
N\
N
/
(n)CaqHg
OC4Hog(n)
ExF-1

O
i ()CsHi;
N

CHj

N(C2Hs)
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CHj
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-continued

i
NHCO
(|36H13
(tYCsH11 OCHCONH Ci
i
N
Cl

N(CHs)
CHj CH; CH; ExF-3 OH
Cl
=CH—CH==CH—{,
2
1 1
CHj C,Hs ()C4HoOCNH
CoHs0S0;S ‘l:l:'
OH
NHCOC3F7(n)
(t)CsHi1 OCH,CONH |
O
(t)CsHij HO
HO CONHC3H7(n)

S

NAJ'\S
\N=<

SCHCOOCH;
OH
CONBH
© CgHi7(n)

CH3

|
OCH,CH
13
CeH13(n) Ol

NHCOCH?
OCH,CH»0 N=N :

"SO3Na

NaQO3S

OH
CONH(CH))30C;2H35(n)

()C4HOCNH OCH,CH,SCH,COOH
|

62

CONH(CH2)30C12H3s(n)

ExF-2

ExC-1

ExC-2

Ex(C-3

ExC-4
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Ol ExC-5
“COM{(CHz)aO@ CsHi)
(CsHj
(i)C4H90ﬁN"H
O

CH; CoC19(n) ExC-6

OH
CONH(I:HCHgococIJHcyHI 5(n)
CH3
OCH,CH,»0 N=Nf\j’ CONH2
HO N =0

@/COOH

OH ExC-7
CONHC12Ha5(n)
OH NHCOCH?3
OCH,»CH-»0 N=N*:
NaQO3S SO3Na
ON ExC-8 OH ExC-9
CONH(CH»)10 CsHii(t) : CONH
(t)CsHy 0OC14H29(n)
SCH,COOH O
i
IIT—CH2COOCH3
P
N—N
~
IF_N
C4Hg(n)
ExM-1
(|300C4Hg
CH;—C CH;—CH CHz_CHT
| @
ml
n = 50
m = 23
m = 25

mol. wt. about 20,000
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ExM-2
CONH N=N OCH3
(I:EHS /4
()CsH; OCHCONH N._ =0
N
Cl Ci
(t)CsHj;
Ci
Cl CH3 ExM-3
NH N= OH
/4
(n}C13H-»7CONH N ~ =0
N |
Cl Cl
Cl
CH3 Cl ExM-3
/4
OC>Hs
N ~ 0O
N NH
\
N =
NHSO, CsHi(t)
CHj3
NHCO(IZHO CsHji(t)
CeHj3(n)
ExM-6
0 N
/ ——
O OCH3;
N .
N NH |
\
N =
NHSO, CsHyi(t)
CHj3
NHcocl:Ho CsHj(t)
C2Hs
ExY-1

H3C—C—COCHCONH CsHji(t)

|
CHj3

N
/

N N

\ =<
N |
CHj

NHCO(CH»2)30 CsHy(t)
CHj
|
Cl
S .
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OC1gH37(n)
N—COCHCONH
N SO,NHCONHC,Hs
/
Br N COOCH,COOCsH1(1)
N\
N
NHCOQ(CH5);0 CsHj1(t)
T
H3C-—(|3—-COCHCONH CsH()
CHs3
N Cl
/
N COO
N\
N
COOC2Hz5(n) ExY-5 (I36H 13(n)
NHCOCHCgH 17(n)
OH
NHCO
NHCO(IDHCSHn(n)
OH CeHi3(n)
NC CH>COOC4Hg(n)
>= CH N
CH3SO;NH ﬁ CH,COOC4Hg(n)
O CH3
(I:H:J, Cpd-5 N—N
N }—SH
)=o
N N—N
H @\
NHCONHCH;
OH Cpd-8 CHg—"‘-CH—SOg—CHg—CONH—(I:Hg
CeH7(t) CH»=CH-~--S0O>,—CH>,— CONH—CH>»
OH
W-1
OCH,CH3¥5 SO3Na cqus—@— SO3Na

ExY-2

ExY-4

Cpd-1

Cpd-2

Cpd-6

W2
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(I:2H5 W-3 CeF17SON(C3H7)YCHYyCOOK Ww-4
(n}C4H9CHCH3COO(13H2
(n}C:;Hg(EHCHzCOOCHSOg,Na
CyH;
CaHs WxS-1 S\ Cas ExS-2
""CI-I—C--CH —CH‘“C-CH
> —< Y/} =<
Cl Cl If Cl
(CH2)3SO3N3 (CH2)48039 (CH2)3S03© ‘
(CH>)3SO3H.N
CH= C"‘" CH
@’>_ =<
()CsH1 Iﬁ
(CH3)4SO3Na ((31'12)23'03e
0 C?_HS ExS-4
& >— CH= C""' CH =<
)
(CHZ)ZCHSO:}G (CHg)g(I:HSOg,H IN(CoHs)s
CH; CH3
>-— CH-—-C“ CH=<
‘f CHi
(CH2)2803° (CH2)4303K
ExS-6 g C2H5 ExS-7
—=CH —
> _—< @‘>— C CH=<
Cl Cl 1]"
(CHz)zflffHSO:*,e (CH2)2(|3H503H N(C2Hs)3 (CH2)3803€
CHj CHj
(CH3)3SO3H.N(C2Hs)3
0 (IZZHS O B}E S- 3 N N F- I
$>—CH=C——CH=< PY J\
| HS S HS
N N
| |
(CH7)4S03° C2Hs;
N—N F-2 N—N k-3
'>—SH }-SH
N—N N—N

S0O3Na
COONa
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O;N X b4 CH; N F-5
N A\
N
/
N N
H H
F-6 C2Hs F-7
S SH | H
>/ CsHgCHCONH N SH
N 4
N
S—S £ (CeHNH,___ N NHOH F-9
(CH2)4COOH N \-..|/ N
NHCgsHj3(n)
N F-10 N N F-11
CZHSNHY" YNHOH CHj3 \f"
| | )
NHC7Hj5 OH |
F-12 (I3H3 <|3H3 B-1
CHj SO,Na -f-CHz—?ir&CHz—fll-); x/y = 10/90
COOH COOCH;
(IZH;’, (|3H3 B-2 (|3H3 (I?.I-Ig, B-3
-(-CHz-(IZ-)r(-CHz—tllﬁ; x/y = 40/60 (CH3)3Si0-(-Si—O—}2-9-—(-SIi—Oﬁ33-Si(CH3)3
COOH COOCH; CH3
I
CH;—CH
+CH;—CH); | B-4 -(-CHz—(IDH-)-,; (mol. wt. about 10,000) B-5
g
SO3Na
+CH;—CHy5¢tCH;~—CHY}; x/y = 70/30 B-6

l I
N _o OH

(Preparation of Sample 102)
Sample 102 was prepared in the same manner as that

of the sample 101 except that the emulsion A-2 of the 55

layer 10 was replaced with the emulsion C-2.

(Preparation of Samples 103 and 104)

Samples 103 and 104 were prepared in the same man-
ner as that of sample 101 except that the magenta cou-
pler ExM-1 in the layer 10 was replaced with a mixture
of 80 mole % of ExM-1 and 20 mole % of D-19 of the
invention in both samples, and emulsions A-2 and C-2
were used 1n samples 103 and 104, respectively. (The
amount of the couplers used in the layer 10 was set to be

the same as that of the sample 101 in mole in both sam- 65

ples.)
(Preparation of Samples 105 and 106)

Samples 105 and 106 were prepared in the same man-
ner as those of samples 103 and 104 except that the ratio

of ExM-1/D-19 was changed from 80 mole % /20 mole
% to 60 mole % /40 mole % in both samples, and emul-
sions A-2 and C-2 were used in samples 105 and 106,
respectively.

(Preparation of Samples 107 and 108)

Samples 107 and 108 were prepared in the same man-
ner as those of samples 103 and 104 except that the ratio
of ExM-1/D-19 was changed to 40 mole %/60 mole %
in both samples, and emulsions A-2 and C-2 were used
in samples 107 and 108, respectively.

(Preparation of Samples 109 and 110)

Samples 109 and 110 were prepared in the same man-

ner as those of samples 103 and 104 except that the ratio
of ExM-1/D-19 was changed to 20 mole % /80 mole %
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in both samples, and emulsions A-2 and C-2 were used
in samples 109 and 110, respectively.

(Preparation of Sample 111)

Sample 111 was prepared in the same manner as that
of sample 109 except that the amount of emulsion A-2 3

applied was increased from 0.67 g/m? (the amount of
coated silver) to 1.07 g/m?. |

(3) Evaluation

The samples 101 to 111 were allowed to stand at a 10
temperature 40° C. and a relative humidity of 70% for
14 hours, and then exposed to light under two types of
Exposure Conditions I and II listed below. Then using
an automatic developing machine, the samples were

processed under Processing Condition below. 13

Exposure Condition I (White Exposure)

Each sample was exposed to white light for 1/100 sec
through a 4800° K. color-temperature conversion filter
and a continuous wedge.

Exposure Condition II (Red Exposure) 20

Each sample was exposed to light for 1/100 sec
through a 4800° K. color-temperature conversion filter,
SC-62 Fuji Filter (red filter) transmitting the light hav-
ing a wavelength longer than 620 nm, and a continuous
wedge. 23

Processing Condition
Replenish-
ment Tank 30
Steps Time Temp. Amount* Vol
Color 3 min 15 sec 38° C. 33ml 20L
development
Bleaching 6 min 30sec  38° C. 25 mi 40L
Water 2 min 10 sec 24° C. 1200 ml 20L
washing 35
Fixing 4 min 20sec 38" C. 25 mi 30L
Water 1 min 03 sec 24° C. Counter flow 10L
washing (1) piping from
- (2) to (D
water ImnO0sec 24°C. 1200ml 10L
washing (2) 40
Stabilhization 1 min 03 sec 38° C. 25 mi 10L
Drying 4 min 20 sec 55° C.
*Replenishment amount: per meter of the 35 mm
wide light-sensitive materiai
The compositions of the processing solutions were
as follows: 45
Mother Replenisher
(Color Developing Solution) Solution (g) (2)
Diethylenetrniamine- 2.0 1.1
pentaacetic acid
1-hydroxyethylidene-1, 3.3 3.2 50
I-diphsophonic acid
Sodium suifite 4.0 4.4
Potasstum carbonate 30.0 37.0
Potassium bromide 1.4 0.7
Potassium iodide 1.5 mg —
Hydroxylamine sulfate 2.4 2.8 55
4-[N-ethyl-N-8- 4.5 5.5
hydroxyethylamino]-2-
methylaniline sulfate
water {0 make 1.0 liter 1.0 liter
pH 10.5 10.10
(Bleaching Solution) 60
Ferrous ethylenediamine- 100.0 120.0
tetraacetate
Disodium ethylenediamine- 10.0 11.0
tetraacetate
Ammonium bromide 140.0 160.0
Ammonium nitrate 30.0 35.0 65
Ammonia water (27%) 6.5 ml 4.0 ml
water to make 1.0 liter 1.0 liter
pH 6.0 5.7
{(Fixing Solution)

74
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Disodium ethylenediamine- 0.5 0.7
tetraacetate
Sodium suifite 7.0 8.0
Sodium bisulfite 5.0 3.5
Aqueous solution of 170.0 ml 200.0 ml
Ammonium thiosulfate
(70%)
water to make 1.0 liter 1.0 liter
pH 6.7 6.6
(Stabilizing Solution)
Formaiin (37%) 2.0 m] 3.0 mil
Polyoxyethylene-p- 0.3 0.45
monononyiphenyl ether
(average polymerization
degree: 10)
Disodium ethylenediamine- 0.05 0.08
tetraacetate -'
Water to make 1.0 liter 1.0 liter
pH 5.0 to 8.0 3.0 to 8.0

Of the processed samples, those exposed under the
Exposure Condition I (white exposure) were measured
for a transmission density through a green filter, and a
sensitivity (green sensitivity) and a contrast (green con-
trast) were obtained.

The green sensitivity was expressed in the relative
value of a reciprocal of the exposure amount (lux.sec)
required to give a density of fog+0.2.

The green contrast was expressed in the relative
value obtained by doubling the difference obtained by
subtracting the logarithm of the exposure amount re-
quired to give a density of fog--0.2 from the logarithm
of the exposure amount required to give a density of
fog+0.7.

In order to determine changes in properties when the
DIR coupler D-19 of the invention, which releases a
diffusing development inhibitor, was used, rates of
changes in green sensitivity and green contrast for the
samples using the mixture of ExM-1 and D-19 were
calculated with respect to the samples using only
ExM-1 (Samples 101 and 102).

In order to evaluate the degree of interlayer effect
received in a red-sensitive layer, the samples exposed
under the Exposure Condition I (white exposure) and
processed, and the samples exposed under the Exposure
Condition II (red exposure) and processed, were mea-
sured for a transmission density through a red filter, and
contrasts (red contrast) were obtained. Then, the ratio
of the red contrast when exposed by red exposure to
that when exposed by white exposure. The larger the
ratio, the higher the saturation of red when gray is
reproduced on a color print.

Unlike the green contrast, the red contrast was ex-
pressed by the relative value obtained by subtracting
the logarithm of the exposure amount required to give a
density of fog+ 1.2 from the logarithm of the exposure
amount required to give a density of fog-0.2.

In order to evaluate the sharpness of the red-sensitive
layer of each of the samples 109, 110, and 111, the MTF
value of each sample was measured by the conventional
MTF measuring method. Each sample was exposed to
white light for 1/100 second through a 4800° K. color-
temperature conversion filter and a wedge for measur-
ing a resolution, and subjected to the above-described
color development process. Then, by use of a cy-
clocolor densitometer, the MTF value of a cyan 1mage
at 25 cycle/mm was obtained. The MTF value was
indicated by a relative value, with that of sampie 111
used as a reference value of 100.
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The contents of the samples 101 to 111, and the re- Further, it is also seen that the sample 111, in which
sults of the measurements were as specified in Tables 6 the amount of emulsion A-2 (comparative emulsion)
and 7 below. was Increased so as to make the interlayer effect to a

As can be seen from Tables 6 and 7, the samples of the red-sensitive layer, and the green sensitivity and con-
present invention had a significant interlayer effect toa 5 trast, close to those of the sample 110 of the invention,
red-sensitive layer, and a high green sensitivity and had a poor sharpness in the underlayer (red-sensitive

contrast. layer).
TABLE 6
Photographic performance
Rate of change with
Sample contents _ respect to 100 mole %
Mixed ratio of Exposure condition of ExM-1

couplers in layer Emulsion of layer 10 _I (white exposure)  Rate of Rate of
10 (mole %) Emul-  Dis- Coated Green Green change of change of
Sample compound  sion  cation amount sensi- Con- green sen- green
No. ExM-1 D-19 No. lines (silver g/m?) tivity*1  trast*2 sitivity contrast
101 100 Omole% A2 ca0 0.67 g/m? 100 1.00
(comparative mole %
example)
102 100 ’ C-2 20 or ” 100 1.00
(comparative mole % more
example)
103 80 20 A-2 ca. 0 " 93 0.98 0.93 0.98
(comparative
example)
104 " ” C-2 20 or ' 98 0.99 0.98 0.99
(comparative more
example)
105 60 40 A2 ca 0 0.67 g/m? 87 0.94 0.87 0.94
(comparative
example)
106 !’ "’ C-2 20 or " 95 0.98 0.95 0.98
(present more
invention)
107 40 60 A-2 ca. 0 a g3 0.92 0.83 0.92
(comparative
example)
108 '’ o C-2 20 or "’ 93 0.979 0.93 0.97
{present more
invention)
109 20 80 A2 ca 0 067 g/m? 79 0.90 0.79 0.90
(comparative
example)
110 " "’ C-2 20 or ” o1 0.96 0.91 0.96
(present more
invention)
111 '’ “ A-2 ca. 0 1.07 90 0.96 0.90 0.96
(comparative
example)

*1 Expressed by relative value with reference to 100 of green sensitivity of sample 101

*2 Expressed by relative value with reference to 1.00 of green contrast of sample 101

*3 Expressed by relative value with reference to 1.00 of red contast when sample 101 was exposed under exposure conditions II (red exposure)
*4 Relative value of MIF value of 25 cycle/m cyan image. Expressed by relative value to 100 of MIF value of sample 111

TABLE 7
_Interlayer effect on red-sensitive layer Sharpness
Red contrast*3 Ratio of red contrast  (red-sensitive
Exposure Exposure (red exposure) to layer)
Sample condition I condition II red contrast MTEF value
No. (white exposure) (red exposure) (white exposure) (cyan)
101 0.82 1.00 1.22
(comparative
example)
102 0.82 1.00 1.22
(comparative
example)
103 0.78 1.01 1.28
{(comparative
example)
104 0.75 1.00 1.33
(comparative
example)
105 0.74 1.00 1.35
(comparative
example)
106 0.66 1.00 1.52

(Present
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TABLE 7-continued
_ Interlayer effect on red-sensitive layer Sharpness
Red contrast® Ratio of red contrast  (red-sensitive
Exposure Exposure (red exposure) to layer)
Sample condition I condition II red contrast MTF value
No. (white exposure) (red exposure) (white exposure) (cyan)
invention)
107 0.72 1.00 1.39
(comparative
example)
108 0.63 1.01 1.60
(present
invention)
109 0.70 1.00 1.43 126
(comparative
example)
110 0.60 1.00 1.67 140
(present
invention)
111 0.60 0.99 1.65 100
{comparative
example)

In order to evaluate the color reproducibility, the
samples 105, 106 and 107 were processed into Leica
size, and a photograph of the color rendition chart
available from Macbeth co. was taken at the light hav-
ing a color temperature of 5500° K., and the above- 25
described color development was conducted.

The processed film was printed on a Fuji Color FA
paper such that the gray color having a reflectivity of
18%) photographed at the same time, matches with the
original, and the sharpness of red was evaluated. Ac- 30
cording to the result, the sample 106 had a very high
saturation of red as compared to the samples 105 and
107.

What is claimed is:

1. A silver halide color photographic light-sensitive 35
material comprising at least one light-sensitive silver
halide emulsion layer on a support, wherein at least one
light-sensitive silver halide emulsion layer contains tab-
ular grains having an aspect ratio of 5 or more and 10 or
more dislocation lines per grain, in an amount of 30% or 40
more of a total projected area of all grains in the layer,
and at least 30 mole % of all couplers contained in the
layer is occupied by a DIR coupler which releases a
diffusing development inhibitor or a precursor thereof
upon reaction with an oxidized form of a developing 45
agent, or cleaves to form another compound upon reac-
tion with an oxidized form of a developing agent, which
cleaved compound in turn reacts with another molecule
of oxidized form of a developing agent to release a
development inhibitor. 50

2. The light-sensitive material according to claim 1,
wherein said tabular grains having 10 or more disloca-
tion lines occupy 50 mol % or more of all the grains.

3. The light-sensitive material according to claim 1,
wherein said DIR coupler is represented by the tollow- 55
ing Formulas (I), (II), or (II1):

Formula (1) A-Dl

Formula 11 A-(TIME),-DI

Formula III A-(TIME);-RED-DI
where A represents a coupler moiety which undergoes 60
a coupling reaction with the oxidized form of an aro-
matic primary amine developing agent to split off DI,
(TIME).-DI, or (TIME)-RED-DI; TIME represents a
timing group which cleaves DI or RED-DI after split-
ting off from A or TIME upon the coupling reaction; 65
RED represents a group which reacts with the oxidized
form of a developing agent after sphitting off from A or
TIME to cleave DI bonded to it; DI represents a devel-

opment mhibitor; a represents 1 or 2; 1 represents O or 1;
and if a represents 2, two TIMEs may be the same or
different.

4. The light-sensitive material according to claim 3,

wherein said D1 is represented by the following formula
DI-1, DI-2, DI-3, DI-4, DI-5 or DI-6:

N DI-1
=~
N N~ N
/ X
N or
\
N
(R11)y
R11)r
Ne—N ﬁ DI-2
N
—'S-—< or —N N=—Ki»
\ /
N =~ N N=N
|
Ry
N — N DI-3
—544 )—Ru
V
N — N DPI-4
—s—_ D@,
|
Ri2
DI.5
N
V
(Riv)r
N DI-6
—
—N~ Sy
R
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where Rpj represents a halogen atom, an alkoxycar-
bonyl group, an acylamino group, a carbamoyl group, a
sulfamoyl group, an alkoxy group, an aryloxy group, an
aryloxycarbonyl group, an alkoxycarbonylamino
group, a cyano group, a nitro group, an alkylthio group,
a ureido group, an aryl group, a heterocyclic group, an
alkyl group, an acyl group, an arylthio group, or an
aryloxycarbonylamino group; Rj»2 represents an aryl
group, a heterocyclic group, or an alkyl group; V repre-
sents an oxygen atom or a sulfur atom; f represents 1 to
4, g represents O or 1; and h represents 1 or 2.

5. The light-sensitive material according to claim 3,
wherein said TIME i1s represented by the following
Formula (T-1), (T-2), or (1-3):

Formula (T-1) *-W-(X=Y);C(R21)R22-**

Formula (T-2) *-W-CO-**

Formula (T-3) *-W-LINK-E-**
where mark * represents a position where TIME bonds
with A 1n Formula (II); mark ** represents a position
where TIME bonds with DI, or TIME (if a represents
the plural number); W represents an oxygen atom, a
sulfur atom, or >N-R33; each of X and Y represents a
methine group or a nitrogen atom; j represents 0, 1, or
2; each of Ry1, Rz, and Rj3represents a hydrogen atom
or a substituent; any two substituents selected from the
substituents of a methine group represented by X and Y,
and the substituents represented by Rsi1, R22 and Ras
may bond together to form a cyclic structure; and in
Formula (T-3), E represents an electrophilic group, and
L INK represents a linking group which sterically links
W to E so that they can undergo an intramolecular
nucleophilic substitution reaction.

6. The light-sensitive material according to claim 3,
wherein said RED i1s selected from hydroquinones,
1,4-naphthohydroquinones, 2-(or 4-)sulfonamido-
phenols, pyrogallols, and hydrazides in which a redox
group having a phenolic hydroxyl group combines with
A at the oxygen atom of the phenol group.

7. The light-sensitive material according to claim 1,
wherein at least 50 mole % of all couplers contained in
the layer 1s occupied by said DIR coupler.

8. The light-sensitive material according to claim 1,
wherein the grain diameter of the tabular grain is in the
range of 0.3 to 5.0 um and the grain thickness of the
tabular grain 1s 0.05 to 1.0 um.

9. The light-sensitive material according to claim 1,
wherein said tabular grains have 20 or more dislocation
lines per grain.

10. The light-sensitive material according to claim 5,
wherein TIME represented by formula (T-1) is selected
from the group consisting of

*—0 CHy—** *—O CHy—**

NO7 NHSO;CH3

*%

$—O=—CHy—**

*—S—CH;—**  *—N—CH;—** *—N—CH;—**

| |
CH(CH3)» CH>CO;CHj3

10

15

20

25

30

35

40

45

20

35
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-continued

*—N—CH,—**

N
/X CHj;
*— N CO *=N
CHy—**
* X CH3
N CH3 AN
/ N *—N N
*—N
CHy—** <
CHy~—**
CHy—**
CH; Ci11Hz3
A
J. X N \ and
>=< *-—0 N"‘"’N
CH3 CHy—**
NO»
NHSO2C16H3s
*—0 CHp—**.

11. The light-sensitive material according to claim 5,
wherein TIME represented by formula (T-2) is selected
from the group comnsisting of

*—-O-—-C——## #—S—-C—#*_

*+—N—CO—**

|
CH>CO,>CH3

and
| |
O O

12. The hight-sensitive material according to claim §,
wherein TIME represented by formula (T-3) is selected

from the group consisting of

*—0 NO, *—0 NOy
CHzII\TCO—“ CHgIINICO'—“
CoHs C3H7()
i
=0 OCHj3 *—(QCN and
CHONCO—** C
I 7 \
CH; O **
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|
*—OCCH;N

CO—**,
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13. The light-sensitive material according to claim 3, 1°

wherein (TIME), when a represents 2 or more in For-

mula (II) i1s selected from the group consisting of

N
/ ~
*—0C—N
Ii
O
CHj3

CHj

CH;—**

*—0C—N
|
O

/
N\

CHp—**

CH>CO>CH3

20

25

30

35

43

50

33
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-continued
NHSO3C16H33
¥ CH>,OCOCHIN—CQ=—**
i
¥ O CHyOCCH NCO—**
NHCOCH;3
Cl
CHo~-**
/
and *—QCH>=-N
AN
CO

*—QC—N-—CHy—**
I
O

14. The light-sensitive material according to claim 3,
wherein said RED is selected from the group consisting
of hydroguinones, catechols, pyrogallols, 1,4-naph-
thohydroquinones, 1,2-naphthohydroquinones, sul-
fonamidophenols, hydrazides, and sulfonamidonaph-
thols.

x % %k ¥ *k
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